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r I 1 HE marvelous developments of the present day in the field 
■^ of Civil Engineering, as seen in the extension of railroad 
lines, the improvement of highways and waterways, the 
increasing application of steel and reinforced concrete 
to construction work, the development of water power 
and irrigation projects, etc., have created a distinct necessity 
for an authoritative work of general reference embodying the 
results and methods of the latest engineering achievement. 
The Cyclopedia of Civil Engineering is designed to fill this 
acknowledged need. 

<L The aim of the publishers has been to create a work which, 
while adequate to meet all demands of the technically trained 
expert, will appeal equally to the self-taught practical man, 
who, as a result of the unavoidable conditions of his environ- 
ment, may be denied the advantages of training at a resident 
technical school. The Cyclopedia covers not only the funda- 
mentals that underlie all civil engineering, but their application 
to all types of engineering problems; and, by placing the reader 
in direct contact with the experience of teachers fresh from 
practical work, furnishes him that adjustment to advanced 
modem needs and conditions which is a necessity even to the 
technical graduate. 
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C The Cyclopedia of Civil Engineering is a compilation of 
representative Instruction Books of the American School of Cor- 
respondence, and is based upon the method which this school 
has developed and effectively used for many years in teaching 
the principles and practice of engineering in its different 
branches. The success attained by this institution as a factor 
in the machinery of modem technical education is in itself the 
best possible guarantee for the present work. 

C Therefore, while these volumes are a marked innovation in 
technical literature — representing, as they do, the best ideas and 
methods of a large number of different authors, each an ac- 
knowledged authority in his work — they are by no means an 
experiment, but are in fact based on what long experience has 
demonstrated to be the best method yet devised for the educa- 
tion of the busy workingman. They have been prepared only 
after the most careful study of modem needs as developed 
under conditions of actual practice at engineering headquarters 
and in the field. 

C Grateful acknowledgment is due the corps of authors and 
collaborators — engineers of wide practical experience, and 
teachers of well-recognized ability — without whose co-opera- 
tion this work would have been impossible. 
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STEEL CONSTRUCTION. 

PART I. 



THE STRUCTURAL ELEMENTS OF A BUILDING. 

From the structural point of view, a building consists of the 
following parts : 

1. The foandations. 

2. The enclosing walls. 

3. The columns and bearing partitions. 

4. The floors. 
6. The roof. 

• If the building is very narrow, columns and bearing parti- 
tions may not be used, but the other four components are always 
present. Steel enters into the composition of the last four named 
parts to a greater or less extent in nearly every building, and 
these steel members are collectively called the framework of the 
building. Leaving the discussion of the subject of foundations 
until later, we shall consider briefly the component parts of the 
other divisions that may be said to constitute the elements of a 
building. 

THE ENCLOSING WALLS. 

Exterior walls, in general, are of five kinds : 

1. Masonry walls of brick or stone, supporting their own weight and 
the adjacent floor and roof loads. 

2. Masonry walls supporting their own weight, but no floor or roof 
loads. 

3. Masonry walls not self-supporting. 

4. ^ Walls of Iron, copper or other metal. 

5. Walls of concrete. 

Load-bearing Walls. Walls of the first class will be readily 
understood as regards their general characteristics, and will be 
treated more in detail under the heading "Building Laws and 
Specifications." 
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Self-supportin^i: Walls. Walls of the second class are gen- 
erally of brick or stone, and have contained in them steel elements 
carrying the floor and roof loads. These elements consist of verti- 
cal members spaced at intervals in the 
wall and called the wall columns, and, 
between them, horizontal members, 
generally at the floor levels and also 
over all openings. These members at 
the floor levels are called the wall 
girders; and those over the openings, 
the lintels. The wall girders carry the 
floor and roof loads to the columns, and 
so to the foundations. The lintels, in 
this class of wall, rest on the masonry 
and sometimes are omitted entirely, 
depending on the necessity of supporting the stone lintels, 
on the impracticability of turning brick arches, or on the neces- 
sity of relieving such arches of 
part of the load. 

Fig. 1 shows a construction 
of this type. The particular form 
of section of the wall girders and 
of the lintels varies, of course, with 
the conditions ; but the essential 
feature to be noted is that all loads 
are kept off the walls, except the 
weight of the masonrj itself. 

Curtain Walls. Walls of the 
third class differ from the pre- 
ceding in that they themselves 
must be supported on the steel 
framework. The walls themselves 
may consist of brick, or of brick 
with stone or terra cotta trimmings 
or facings. The steel elements 
are the wall columns and wall 
girders, as before, and the horizontal members over the openings. 
These latter, instead of being called lintels, however, are called 
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spandrel beams, since, instead of simply spanning the opening, 
they take all the load of the wall between the wall girders and 
the head of the opening, and cany this loa<J tp the columns. 
The wall girders, too, besides the floor load, generally carry the 
load of the wall for the story above. In some cases this wall 
is carried through sevei-al stories to heavy girders below, but 
such construction is not common. 

In buildings where this class of wall is used, the fram&vvcnrk, 
in addition to carrying the loads, 
must furnish a portion of the 
lateral stiffness to resist wind 
and other strains. This feature 
will be more particularly dis- 
cussed under "High-Building |^ 
Construction." 

Figs. 2 and 8 show types of 
construction in this class. 

Metal Walls. Walls of 
the fourth class are not com- 
monly met with in what is 
termed fireproof construction, 
but are more generally used in 
buildings having their floors and 
roofs framed in whole or in part 
with wood. When they do 
occur, however, they come, 
structurally, into the previous 
class, as far as the elements of 
the framework necessary for the 
support of the floor and roof 
loads and their own weight are 
concerned. 




The chief difference is in adapting the spandrel beams to the 
support of the particular covering used. Fig. 4 illustrates such 
construction. As before, the section of the wall girders varies in 
each case with the conditions, and the spandrel section varies even 
more. 

In both of the two classes just described (curtain walls and 
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metal walls), no form of construction can be called standard. 

The only principle which the student should observe and follow is 

that the wall girders and spandrel 
beams must be so arranged and 
designed as to cany properly all floor 
and roof loads, to support and carry 
properly each part of the wall itself, 
and, further, to provide necessary 
stiffness to the building. 

Concrete Walls. Walls of the 
fifth class are rarely met with at 
present, except in mills or manufac- 
turing plants, and discussion of their 
Fig 4. features is accordingly reserved for 
the discussion on <^ Mill Buildings." 




INTERIOR COLUMNS AND BBARINQ PARTITIONS. 

These are classed together because, either jointly or separ 
rately, they serve to carry to the foundations the portion of the 
loads not carried by the wall columns and exterior walls. When 
a partition takes these loads, it is invariably of brick. When par- 
titions are of other materials, they are never designed to carry 
loads, but, on the contrary, form part of the load carried by the 
floors.* 

The different forms of partitions that are not load-bearing 
will be considered under " Fireproofing." 

Columns are the more common, and in general the exclusive, 
element of the framework that carries the loads within the walls 
to the foundations. There are two features to be considered in 
connection with them: (1) the load-bearing or metal shaft, and 
(2) its covering or casing. There are a variety of sections of 
columns, some of which are illustrated by Plate I. As in the 
case of forms of spandrel beams, no definite rule can be given for 
the use of any particular section to the exclusion of others. These 
will be described in detail imder the heading " Columns.*' 



♦ Note.— This statement refers to fireproof buildings only, and not to 
those framed with wood. 
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8 STEEL CONSTRUCTION 

THE FLOORS. 

The elements of the floor are : 

1. The arch, which receives the load directly. 

2. The beams, between which the arch springs* 
8. The girders, carrying the beams. 

4. The ceiling. 

Arches. There are several different kinds of floor arch. In 
general, as to material of construction, they may be said to com- 
prise the following types: brick, corrugated iron, porous terra 
cotta, hard tile, concrete, and concrete steel. 

In office buildings and nearly all structures with a finished 
interior, some form of flat arch is used almost exclusively in order 
to avoid the necessity of furring down for a flat ceiling. In ware- 
houses, stores, and other buildings carrying heavy loads, seg- 
mental arch construction is more frequent. All segmental arch 
constructions require tie rods passing through the webs of the 
beams at intervals of about five feet, to take the thrust of the 
arches. Tie rods are also required in flat arch construction, 
where the arch is made of separate blocks, but they are not gen- 
erally used for flat arches of concrete slabs. 

The subject of arches will be considered in detail under 
" Fireproofing.*' 

Beams and Girders. All of the horizontal members that 
form the framing of the floor come under one or the other of these 
heads. 

A beam carries no other element of the framework, and 
receives strictly the load of the arch or the partition or other por- 
tion of the structure wliich it is designed to carry. 

A girder carries the end of one or more beams. It may at 
the same time receive direct load from the arch or partitions ; but 
if it carries other elements of the framework it should be referred 
to as a beam. 

Other uses of the terms "beam" and "girder" will be con- 
sidered later. 

THE ROOF. 

A roof is essentially the same as a floor as regards the ele- 
ments of construction. Its peculiar features are the pitch, open- 
ings for skylights, etc., support of pent houses, of tanks, etc. 
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The pitch in almost every case where a fireproof roof is used 
is very flat, generally a minimum of | inch per foot and varying 
from that according to the requirements of the roof lines in each 
particular case. 

The beams and girders usually follow the pitches of the fin- 
ished surface of the roof, so that no additional grading on top of 
roof is necessary, except locally in order to form cradles avoimd 
skylights and other obstructions, from the down-spout to the wall 
immediately back of it, and in a few places where the pitch of the 
roof necessarily changes between the bearings of beams. In gen- 
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BEAM 



rig. 26 

CHANNEL 



Fi^a? 

ZEE 



eral, however, the pitch of roof changes only at the ends of beams 
and girders. 

The pitching of beams and girders makes it necessary to furr 
down the ceiling, if this is to be left level, as it generally is. 
This is done by hanging from the beams a ceiling made either of 
tile or plastered wire lath on small angles or channels. See 
" Fireproofing " for illusti-ations of tliis. 

Tanks and pent houses require special framing for their sup- 
port, and all roof houses generally are constructed with a frame 
of light angles and tees. 

USE OF HANDBOOKS ON STEEL. 

The steel used in a building is in the form of single pieces, 
or combinations of one or more pieces, to which the general term 
"shapes'* is applied. All shapes are made by rolling out the 
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rectangular prisms or ingots that come from the blast furnace. 
The following comprise nearly all the shapes rolled: Bai-s or 

Flats, Rounds, Half Rounds, 

Ovals, Flat Ovals, Plates, 

Angles, Tees, Zees, I Beams, 

Deck Beams, Channels, 

Fi^ aa. ^'f^^St Trough Plates, Corrugated 

Unequal Leg Angle Equaf Ug Angle piates. Buckled Plates. 11- 

lustrations of some of these are given in Figs. 25 to 35. 

riethod of Rolling. The processes of manufacture are prac- 
tically identical in all mills ; and the sizes of the diiferent shapes 
are identical in all mills for nearly all sizes. Certain sizes are 
known as ** standard," because they are 
rolled constantly by all mills. Certain 
other sizes not so commonly used are 
known as *' special," and vary some- 
what in the different mills. ^ These 
distinctions will be explained in greater 
detail later on. 

The process of rolling an I beam 
is in general as follows: The ingots 

are put into what are called "soaking pits" below ground, 
which are heated by natural gas. When white hot or at just the 
right temperature, they are taken out and passed several times 
through the first set of shaping rolls. These rolls are at 
first spread nearly the depth of the ingot. They are automati- 
cally lowered, however, as the ingot is passed through, and so 
reduce the . thickness sufficiently to enable the piece to pass 
through the next set of rolls, which give it the 
general shape of the letter I, though it still 
retains much thickness, and is only partly formed. 
After being shaped sufficiently by these rolls, the 
piece is passed to the third or finishing set of rolls, 
where the final shaping takes place. The piece, 
still very hot, is then passed on by movable tables 
to circular saws, where it is cut into certain 



I 
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lengths. Each size and weight of beam or other shape requires a 
distinct set of rolls in order that the pieces may be given exactly 
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the required thickness and dimensions. Therefore, only one size 
and weight is rolled at a time, and all orders that have accumu- 
lated since the last rolling of this size are then rolled at once. 




5ECWN 0FC0RRUG4XED PLATC5-F0R FLOORS. 

The intervals of time that elapse between rollings of a given 
size vary considerably, being in some cases perhaps six weeks, and 




SETTION or TROUGH PLATES FOR FLOORS 

in other cases several months. Generally the larger sizes are 
rolled at one mill and the smaller sizes at another. 






SECTION OF BUCKLED PLATES FOR FLOORS 

Characteristics of Shapes. Having seen in general how 
shapes are formed, the student should now become thoroughly 
familiar with the features of each. Beams and channels consist 
of a thin plate-like portion, called the " web," and, outstanding at 
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each end of the web and at right angles to it, what are called 
" flanges." A beam has the shape of a letter I and is therefore 
called an I beam. A channel is like a letter I with the flanges on 
one side of the web omitted. The connec- 
tion of flange to web is curved, and this 
curve is called the " fillet " ; also, the inner 
side of a flange is beveled, and this bevel 
is in all sizes the same, viz.^ 16| per cent 
with the outer side of the flange. A 
curve of varying radius connects the outer 
edge with the inner side of a flange. The 
distribution of metal in the heavier section^ 
of a given shape is shown by the portion 
not cross hatched in Figs, 25 to 29. It will 
be seen therefore that for a given depth, the only difference in the 
different weights is in the thickness of webs and width of flanges. 



I 



I 
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The accompanying cuts. Fig. 
86, shows the relations, radii of 
curvature, and other data which 
are standard for all beams. 

e = .60 minimum web 

C = minimum web + A Inch 

8 = thickness of web = t minimum 

Note. This applies for all cliannels ^ 
mnd beams except 20-inch I and 24-inch I. 
For 20-inch standard I, 8 = .56 inch 
For24-iuchI, S=.60 •» 

For 20-inch special I, 5 = .65 " 



t^ 



«F=- 



'^ 



Fig. 38. 
t = .50 inch minimum 
t = .50 ** •* 



The slope of flanges for all beams and channels is 2 inches per foot. 

In tables V and VI, the weights printed in heavy type are those 
that are standard. The other weights are rolled by spreading the 
rolls of the standard size so as to give the required increase, and 
are known as special weights. These are not rolled so regularly, 
and are therefore in general more subject to delay in delivery. 

The two parts of an angle are called *' legs." These are in 
one class of equal length, and in another class of unequal length. 
Notice also the fillet and curve at outer edge. The method of 
increasing the weight is shown by the full Hnes. It will be seen, 
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therefore, that for an angle with eertain size of legs the effect of 
increasing weight is to change slightly the length of legs, and to 
increase the thickness. 

In case of angles, the distinction between "standard" and 
*« special " applies, not to different weights and thicknesses of a 
given size as in the case of beams and channels, but to all weights 
of a given size as a whole, as will be seen from the tables on pages 
36-7. Angles vary in all cases by r^^ inch in thickness between 
maximum and minimum thicknesses given in the tables. In the 
addition to the above special sizes of angles, there are certain 




f'9 ^7 

COVER ANGLE 




mw//Mm 



ng3S 

OBTUSE ANGLE 



SAFE ANGLE 



special shaped angles known as square root angles, cover angles* 
obtuse angles, and safe angles. These shapes are illustrated in 
Figs. 37, 38 and 39. Their uses, however, are limited to special 
classes of work. 

The square' root angles are nsed where it is necessary to 
eliminate the fillet. The cover angles are for use in splicing so 
that the covers will fit the fillets of the angles spliced. As the 
demand for such is limited in any particular piece of work, it is 
customary to plane off a regular angle. The other shapes are for 
special uses, as will be readily underatood. 

Bent plates are very commonly used in place of obtuse angles. 
None of the above can be obtained easily at the miiis, and would 
be used only when it is not possible to adopt the regular shapes. 

With the above explanation the student should' be able to 
understand readily the features of the other shapes by carefully 
studying the cuts. 

Plates are of two classes known as << sheared" plates and 

. ** universal mill " or " edged " plates. Plates up to 48 inches in 

width are in general universal mill plates. This term applies to 
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plates whose edges as well as surfaces are rolled, thus insuring 
uniform width* Plates above 48 inches in width have their edges 
sheared, and are known as sheared plates. 

As already stated, there are various meanings of the terms 
** beam *' and "girder," and it is very important to understand fully 
the distinctions. The definitions previously given are applied to 
the manner of loading. 

" Beam" is also the term applied to the shape rolled in the 
form of the letter I, in distinction from the channel, as noted in 
the preceding paragraphs. An I beam may be used in a position 
which, from the definition given, fixes it as a girder in distinction 
from a beam ; and in speaking of such a case, one should say that 
the girder consists of an I beam. In ordering the material, however, 
the shape should be referred to as an I beam and not as an I girder. 

Similarly, a channel may be used in a position which, from 
the definition, would fix it as a beam. In referring to it, one 
should say that the beam consists of a channel; and in ordering 
material, it should be referred to as a channel and not as a beam. 

The beam may in some cases be made of sections riveted 
together, and, in such cases, would be referred to, in ordering, as a 
riveted girder. Frequently, also, two beams bolted together are 
used, and are then called beam girders. It will be seen, therefore, 
that there are two distinct uses of these terms, beams and girders 
— the first depending on the manner of loading, and the second 
on the particular form of section of the member used. These two 
uses should never be confoimded, as serious results might follow, 
especially in ordering material. 

Uses of Sections. Each of the rolled sections has certain 
uses to which it is especially adapted, and for which it is most 
generally employed. I beams and channels are used principally 
as beams and girders to carry floors, roofs and walls. I beams are 
used to some extent also as columns, when the loads are relatively 
light. Channels are rarely used singly as columns ; but they are 
used quite extensively in pairs latticed, and in combination with 
other shapes, to serve the purposes of columns. (For illustrations 
of such uses see Plate I, Page 7, showing column sections.) 

Channels are also used to some extent in pairs latticed, or 
with plates across flanges, for the chords in trusses. 
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Ans^les are used most extensively in combination with other 
shapes to form columns, for members in trusses, and for the 
flanges of riveted girders. They are rarely used singly as columns 
except for light loads. As beams they are used only for very 
light loads, such as short lintels, ceilings, and roof purlins, when 
close spacing is necessary. They are used almost exclusively for 
the connections of beams and columns and of other members one 
with another, and for any position requiring a shelf for the sup- 
port of other work. 

The use of the angle is more varied than that of almost all 
other shapes, and it forms an essential part of nearly all riveted 
members. 

Tees are rarely used in the construction of riveted members. 
Their principal uses are as beams of short spans and close spacing, 
where the loads are light and where a flange on each side of the 
center rib is recessary. Such instances occur in short lintels, ceil- 
ings, and certain *.ases of roofs, in skylights, pent houses and the 
like. 

Zees are used extensively in columns, four zees being con- 
nected by a web plate or lattice bars • also to some extent in lin- 
tels and light purlins. They are seldom used except where it is 
desirable to have the flanges arranged in this way, and usually 
angles or tees can be used to equal advantage with less expense. 

Plates are used as connecting members in nearly all riveted 
work, but rarely alone except as bearing surfaces on masonry, and 
in some cases as shelves built in and projecting from masoiicy 
walls to receive other members. 

Buckled Plates and Trous:h Plates are used almost exclus- 
ively in bridge work for floors. 

Corrugated Iron is used to a considerable extent in the sid- 
ing and roofs of sheds and other buildings of a more or less tem- 
porary nature. Formerly it was used to some extent in fireproof 
floors as illustrated in " Fireproofing." This use, however, has 
almost entirely passed away. 

Rods and Bars are used almost exclusively as tension mem- 
bers, for example, in trusses or as hangers. 

Rules for Ordering. Material is never ordered simply from 
a schedule unless it is to be shipped plain, that is, merely cut to 
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length without any shop work upon it. If there is to be any 
working of the material other than cutting to length, such as 
punching, riveting, or framing, a shop drawing is invariably 
necessaiy. Descriptions and uses of shop drawings will be given 
later. 

If the material is simply to be cut to length, however, a 
schedule is suflBcient ; and in such cases the following rules should 
be observed : 

1. Never give both the thickness and weight per foot of a piece. 
Beams and channels are invariably ordered by the depth and weight per 
foot, as a 12-iuch I beam 81} lbs. per foot, or a 10-inch channel 16 lbs. per 
foot. 

Angles are almost invariably ordered by giving the dimensions of legs 
and the thickness, as a 6 in. X 6 in. X J in. angle, or a 3 in. X 2^ In. X } in. 
angle. 

Zees are generally ordered by giving dimensions and thickness, as a 3 in. 
X 3 in. X I in. Z, or a 4 in. X 3 in. X ^9 in. Z. When unequal leg Z's are 
ordered, always give flange dimensions first. 

In ordering tees, the dimensions and weight per foot are given, because 
the stem of a tee tapers. Thus a 3 in. X 3 in. 6.6-lb. T, or a 3 j in. X 3} in. 
0.2-Ib. T. Here, as in the case of a Z, give flange dimensions first. 

Plates are ordered by quoting width and, thickness, as a 12 in. X { in. 
plate. The same applies to bars and fiats. 

Square and round rods are ordered by giving dimensions of the cross- 
section, as a i-in. diameter rod, or a 2 in. X 2 in. rod. 

2. All material, unless otherwise ordered, is subject to a standard 
variation in length of { inch. That is, it .may be } inch over or under the 
specified length. If exact length is required, therefore, it is necessary to add 
after the specified length the word "exact. ^' 

3. If material is to be painted, the number of coats and kind' of paint 
must be specified, as ** Paint, one coat graphite.'* 

4. Full shipping directions must be given, including the name of party 
or parties to whom order is to be billed, name of consignee, nearest railroad 
station, and route over which shipment is to be made. 

5. Always avoid using special shapes and weights if time of delivery is 
any consideration, even at the expense of a little extra weight, unless special 
arrangement is made in advance as to the delivery which can surely be made 
It is more important to avoid the delay that would hinder progress in all 
branches of the work on a building through waiting for a few pieces of steel, 
than it is to save a few pounds by the use of special shapes and weights. 

USE OF TABLES. 

Since all steel designs are dependent upon the use of the fore- 
going shapes, it will be seen that it is necessary to refer constantly 
to tables containing their dimensions and other characteristics called 
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" properties." This terra " properties " covers all the character- 
istics which determine strength, and which are illustrated by the 
tables. 

The different steel companies issue different books, but the 
properties for all standard shapes are practically the same. 

Before proceeding to a discussion of the use of tables, a 
caution should be given for the future guidance of the student. 
There is always danger in using tables, diagrams, and formulae 
prepared by someone else. The danger is from two sources : (1) 
the information given may not be correct; and (2) the person 
using the data may, through failure to understand fully the basis 
on which they were prepared, use them where they are not applic- 
able. 

As regards the first point, the more authoritative the book in 
which the information is given, the greater is the probability that 
it is correct. Not everything in print, however, is reliable. 

The second point is even more important, because in the case 
of almost every table, diagram, or formula, there are certain limi- 
tations \o its use, and certain cases to which, without a full under- 
standing of these lunitations, it is liable to be applied incorrectly. 

From the outset the student should form the habit of investi- 
gating the derivation of tables and diagrams and the basis of for- 
mulsB in order that he may use. them intelligently. The basis and 
application of the fundamental formulae can be understood without 
necessarily retracing all the steps in their derivation. There are 
many special formulae given which are simply modifications of the 
fundamental formulae adapted to special cases, and such formulae 
should never be used without tracing their derivation from the 
fundamental formulae. 

Safe Loads. Table I gives the total loads, uniformly distrib- 
uted, which can be safely carried by the different sections of 
beams and channels for spans varying by one foot. 

The manner in which the problem of the safe load will gener- 
ally come up is : 

Given a certain weight per linear foot of beam, and a certain 
span, to find the required size and weight of beam. In this case 
the total weight is obtained by multiplying the clear span by the 
weight per foot and adding the weight of the beam. As it is 
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ROTUNDA IN THE ROOKBRT BUILDING, CHICAGO. ILL. 

Frank Lloyd Wright, Architect of the Remodeled Staircase and Light-Fixtures. 
Statuary Marble. Carved with Decorative Scroll- Work, the Latter Inlaid with Gold Leaf. 




ROTUNDA IN THE RAILWAY EXCHANGE BUILDING, CHICAGO, ILL. 
D. H. Burnham & Ck>., Architects. 
Note the Way in which the Doric Order has been Used in the Decorative Schem^ 
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TABLE I- 


-(Concluded.) 








II 

li 


njts 
ibi. 


it 


7-C 


1 


6'C 

ii. 


11 

21 


5'C 


f! 
il 


4'C 

S.2S 
Ibi. 


ii 


8'C 


n 


«.75 
Ibt. 


63 
Ibt. 


4 
lU. 


ts 

a 


5 


8.61 


.42 


6.68 


.36 


4.62 


.31 


3.16 


.26 


2.02 


.21 


1.16 


.16 


6 


7.18 


.35 


5.57 


.30 


8.85 


.26 


2.63 


.22 


1.68 


.18 


,97 


.13 


7 


6.15 


.30 


4.77 


.26 


8.30 


.22 


2.26 


.19 


1.44 


.15 


.88 


.11 


8 


5.38 


.26 


4.18 


.23 


2.89 


.19 


1.98 


.16 


1.26 


.13 


.73 


.10 


9 


4.78 


.23 


3.71 


.20 


2.57 


.17 


1.76 


.14 


1.12 


.12 


.64 


.09 


10 


4.31 


.21 


3.34 


.18 


2.31 


.16 


1.58 


.13 


1.01 


.11 


.58 


.08 


11 


3.91 


.19 


3.04 


.16 


2.10 


.14 


1.44 


.12 


.92 


.10 


.63 


.07 


13 


3.69 


.18 


3.78 


.15 


1.93 


.13 


1.82 


.11 


.84 


.09 


.48 


.07 


13 


3.31 


.16 


3.57 


.14 


1.78 


.12 


1.22 


.10 


.78 


.08 


.45 


.06 


14 


3.08 


.15 


3.39 


.13 


1.65 


.11 


1.13 


.09 


.72 


.08 


.41 


.06 


15 


3.87 


.14 


2.23 


.12 


1.54 


.10 


1.05 


.09 


.67 


.07 


.39 


.05 


16 


3.69 


.13 


2.09 


.11 


1.44 


.10 


.99 


.08 


.63 


.07 


.36 


.05 


17 


2.53 


.12 


1.96 


.11 


1.36 


.09 


.93 


.08 


.59 


.06 


.84 


.05 


18 


2.89 


.11 


1.86 


.10 


1.28 


.09 


.88 


.07 


.56 


.06 


.32 


.04 


10 


2.27 


.11 


1.76 


.09 


1.22 


.08 


.83 


.07 


.53 


.06 


.81 


.04 


20 


2.15 


.11 


1.67 


.09 


1.16 


.08 


.79 


.07 


.51 


.05 


.29 


.04 


21 


2.05 


.10 


1.59 


.09 


1.10 


.07 


.75 


.06 


.48 


.06 


.28 


.04 


22 


1.96 


.10 


1.52 


.08 


1.05 


.07 


.72 


.06 


.46 


.06 


.26 


.04 


23 


1.87 


.09 


1.45 


.08 


1.00 


.07 


.69 


.06 


.44 


.05 


.25 


.03 


24 


1.79 


.00 


1.39 


.08 


.96 


.06 


.66 


.05 


.42 


.04 


.24 


.03 


25 


1.73 


.08 


1.84 


.07 


.92 


.06 


.63 


.05 


.40 


.04 


.23 


.03 



Safe loads given include weight of beam. Maximum fibre stress 16,000 
lbs. per square inch. 

necessary to know the size of the beam before its weight can be 
added, this operation must first be neglected, and the size provi- 
sionally determined from the tables showing what sections will 
carry the superimposed load. Then add the weight of the selected 
beam, and again refer to the table to see if the capacity has been 
exceeded by the addition of the weight of the beam. If it has, a 
different section must be» taken. 

It is important to note that there is in general a difference 
between the length of spans used in computing the total load 
carried and that used in the table. These tables are compiled 
from results given by the use of the regular beam formula, which 
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has been explained, and in this formula the length of span is 
the length between centers of bearings. It is this length which 
should be used in referring to the tables. 

In some cases there would be practically no difference, as in 
the case of abeam framed between two steel girders. If, however, 
the beam were built into brick walls, the span used for computing 
total load would be the length between inside faces of walls, 
whereas the span used in tables would be ffom center to center of 
bearing plates. 

Another point to be noticed in the use of these tables is that 
they are based on the supposition that the beam is supported by 
adjacent construction against lateral deflection. As will be more 
fully noted later on, long members under compression fail by 
deflecting sideways. In order, therefore, to be able to carry the 
full load indicated in these tables, the top flange of the beam or 
channel must be held against side deflection. This may be accom- 
plished in a variety of ways. If the beam is in a floor or roof, the 
fireproof arches and the rods will generally provide the necessary 
support; or, if it is in a building not fireproof, the wood beams or 
the planking will also accomplish this. If, however, the beam was 
used in an unfinished attic, and the ceiling construction was at the 
bottom flange, leaving the rest of the beam exposed, tlie load must 
be reduced as indicated by the auxiliary tiible of proportionate 
loads. The load would also have to be reduced in the case of a 
beam carrying a wall with no cross framing at the level of the 
beam. It is, therefore, of the first importance to know exactly 
how the loads are carried by the beam, and in what relations other 
parts of the construction stand to the beam. 

In practice, spans not exceeding twenty times the flange width 
are not considered to require side support. 

In some cases there must be made still another modification 
of the loads indicated by these tables, and that is to provide against 
excessive vertical deflection. It is well known that all members 
loaded ti-ansversely will bend before they will break. In other 
words, any given load causes a certain amount of deflection. It is 
not practicable, Ijowever, to allow this deflection to be very great 
in structural members, because of the resulting vibration aiid be- 
cause where there are plastered surfaces cracks will occur. It is 
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ERECTING A 375-FOOT BRIDGE SPAN 



Kansas 



Osage River bridge on the line of the Chicago. Rock Island & Pacific Railroad between St. Louis and 
sas City. Missouri. 
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24 STEEL CONSTRUCTION 

not sufficient, therefore, merely to get a section strong enough to 
carry the given load, it must also be stiff enough not to deflect 
more than a certain proportion of its length under this load. It 
has been determined that a beam can deflect ^J^ of its length, or 
^ of an inch per foot of length, without causing cracks in a plas- 
tered ceiling ; and it is this criterion which is generally followed 
in determining the section required to meet the condition of safe 
deflection. 

In Table I the loads above the heavy black line are the safe 
loads which can be carried without exceeding the above deflection. 
A beam may be used on spans longer than those above the black 
line ; but in this case, in order not to exceed the safe deflection, 
the load indicated by the tables opposite this span must be reduced 
by the following rule : 

Rule for Sale Loads above Spans Limited by Deflection. 
Divide the load given opposite the span corresponding to the length 
of beam by the corresponding span, and multiply by the span given 
just above the black line ; or. 

If S = the given span, 

L = the tabular load for this span, 

S^ = the span just above the heavy black line, 

Lj ziz: the required load, 

then Lj = — o— ' 

In cases where the depth of beam is not limited, comparison 
of different depths of beams should be made, and the one selected 
which proves the most economical. 

Spacing of Beams. In many cases where the location of 
columns and spacing of beams are not fixed by certain features 
of design or construction, the problem arises in a form for which' 
a table different from Table I is more useful. For instance, 
if the i^roblem is to space the columns and beams to give the most 
economical sections to carry the given loads. Table II will be use- 
ful. This gives the spacing of beams for different spans to carry 
safely a load of 100 lbs. and 150 lbs. per square foot. By com- 
parisons, therefore, of the different sections, spans, and spacing that 
may be used, the most economical section can be selected. 

The above table is useful also when it is desired to know the 
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loading that a certain floor was designed to carry and when only 
the framing plan is at hand. 

If other loads per square foot are used, the table can be modi- 
fied by dividing the spacings given by the ratio of the required 
load to the indicated load of the table. The same modifications for 
lateral and vertical deflection must be made as in the preceding table. 

In all cases where there is a choice between beams of different 
depths, it should be borne in mind that beams of greater depth 
than 15 inches cost an extra one-tenth of a cent per pound; this, 
therefore, affects their relative economy. 

Deflection. As noted in preceding paragraphs, it is impor- 
tant to know wh&t the vertical deflection of a shape will be under 
the loads and for the spans specified, as in the majority of cases 
the section cannot be selected from the tables of safe loads because 
of unequal loading or because some other shape is used. It is 
therefore necessary to be able to calculate from additional tables 
what the deflection will be. 

The following formula can be readily used for this purpose. 
We shall first explain its derivation. 

The general formula for tlie deflection of any shape supported 
at the ends and loaded uniformly is : 

,^ 5 WZ8 
384 EI' 

Where W is the total load, E the modulus of elasticity, and 
I the moment of i nerti a. 

, .^ „ is a constant since E = 29,000,000 
384 E 

W = pi, and M = I pl^ = ^ Wl 

and H = i = ^ ^j ^ ; therefore Wl = 8_X_16,000_xI 

/ y 8 X 16,000' y 

if the beam is loaded up to its full capacity, and the fibre stress is 
taken at 16,000. 

Therefore d = 5?^ X 8 x 16,000 X I 
384 E I ^^ 

.0000575ia .,. • j j *i tu o 

= yl), or, since n = depth of beam = 2y, 

_ .000115/2 ^„, 

^ 

In this formala I must be taken in inclies. 
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From this general formula (1) a table in a number of differ- 
ent forms can be made. In Table III different values of I are 
substituted, so that the deflection in inches is obtained by taking 
the constant in the table corresponding to the given span, and 
dividing by the depth of the beam. 

Another table could be made by substituting different values 
of h corresponding to different beams, and this would readily give 
for each beam the deflection by multiplying by the square of the 
span in inches. 

If the fibre stress in the beaib due to the loading was less than 
16,000, the deflection would be obtained by multiplying the result 
given in the table by the ratio of given fibre stress to 16,000. 

The formula (2) applies directly to beams and channels only. 
If, therefore, a table based on this formula is made, and it is desired 
to use it for determining the deflection of unsymmetrical shapes, 
such as angles, tees, etc., the coefficients given must be divided by 
twice the distance of the neutral axis from extreme fibre, since 
both numerator and denominator of (1) has been multiplied by 2. 

If a beam had a center load, its deflection could be obtained 
from this table by multiplying by |, this being the ratio of the 
deflection of a beam supported at the ends and loaded with a center 
load, to that of a similar beam with the same total load uniformly 
distributed. 

In the table of safe loads it will be noted that a heavy black 
line divides the capacities specified. This is to denote the limit 
of spton beyond which the deflection of the beam, if loaded to its 
full capacity, would be likely to cause the ceiling to crack. This 
limit of span can be determined from the formulae given above, as 
follows : 

A deflection of ^^^^ of the span can be safely allowed without 
causing cracks. Substituting ^^^ for d, therefore, we have 
I _ 5Z2 X 8 X 16,000 
360 384 E y 

and I = 48.3 y 

Making the substitutions of the value of y for different sized 
beams, gives limits agreeing with those in the Cambria Hand Book. 
The limits given in the Carnegie book are fixed arbitrarily at 20 
times the depth of beam and some less than these. 
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Expressing the above formulii in a different form, we have 



., _ 884 E y 
~ 360 X 6 X 8 

, , Z 384 E 

and/— = 



y SCO X 5 X 8 
/ i- = 773,333. 

y 



= C (a constant). 



TABLE III. 

CoefflciMitA for Deflection In Inchea for Cambria Shapes Uied as Beams Sabjeetcd 
to Safe Loads Uniformly Distributed. 



UstlBM 


CotfieMatfor 


Gotlaantfor 


AiiUDM 


Coeltdent<ar 


OotSnoitfor 


betweiB 


RbreStHMof 


KbnStnstor 


bttvtm 


KbraStrmef 


nbr*Stn««f 


'SC 


16000 Ibi. ja 
StursIncL 


ttSOO llAMr 
SiunlneL 


t"^ 


16000 llw. Mr 
StursIncT 


12S00 lbs. Mr 
Sfure Inek. 


L 


H 


w 


L 


H 


H' 


4 


J^65 


.207 


23 


a766 


6.841 


6 


.414 


.828 


24 


9.534 


7.448 


6 


.696 


.466 


25 


10.345 


a082 


7 


.811 


.684 


26 


11.189 


a741 


8 


1.059 


.828 


27 


12.066 


9.427 


9 


1.841 


1.047 


' 28 


12.977 


10.138 


10 


1.656 


1.293 


29 


13.920 


10.878 


11 


2.008 


1.666 


80 


14.897 


11.638 


12 


fLSSi 


1.862 


81 


16.906 


12.427 


13 


2.797 


2.185 


82 


16.949 


ia241 


14 


8.244 


2.634 


88 


18.025 


14.082 


15 


a724 


2.909 


84 


19.134 
20.276 


14.948 


16 


4287 


8.310 


85 


15.841 


17 


4.788 


&737 


86 


21.461 


16.759 


18 


6.868 


4.190 


87 


22.659 


17.703 


19 


6.975 


4.668 


88 


23.901 


ia672 


20 


6.621 


6.172 


89 


25.176 


19.668 


21 


7.299 


6.708 


40 


26.488 


20.690 


22 


aoii 


6.269 









This equation shows that if the table of properties is used to 
determine the capacity .of a beam for a certain span which will be 
within the plaster limits of deflection, the product of the fibre 
strain and the span must be kept constant for a given depth 
of beam. 

For example, if it is desired to know the fibre strain allowable 
for a 12-inch beam on an effective span of 30-0'' (30 feet inches) 
such that the plaster defiection will not be exceeded, we have 

773,333 X 6 



/ = 



30 X 12 



= 12,888. 
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The formula can be more quickly used by compatiaon with 
the limiting span given by the table of safe loads. In the above 
case the limit of span for a 12-inch beam and a fibre strain of 
16,000 lbs. is 24 feet; therefore the required 

/ = ^ X 16,000 

= 12,800 
Lateral Deflection of Beams. When beams are used for long 
spans, and the construction is such that no support against side 
deflection is given, the beam will not safely carry the full load 

TABLE iV. 

Reduction In VAlues of Allowable Fibre Stress and Safe Loads for Shapes Used as 

Beams Due to Lateral Flexure. 



KitMofSptik 

orDisUflM 

IxtWMn 

btttal 

SuiMTttto 

FUagt Vtdtlk. 


lUomUtUnit 
Stmt for Oinct 

nttVMia 
Eitrtm* Film. 


Troportionof 

IkbtlittStft 

iMitobt 

DsmL 


Ratio of Spin 

orDislauM 

betveea 

Utoral 

Supports to 

?Uiig« Vidtli. 


illoraUa Vnit 
Stna for Direct 

Flenrt in 
IitrtDM Fibre. 


Profortioii of 
TabnhrSafe 
load to be 


1 


P 


1 
b 


P 


(Tied 


i9.ir7 

20 
25 
80 
85 

40 
45 
50 
55 
60 


16000 
15882 
14897 
13846 
12781 

11739 

10740 

9818 

8963 

8182 


1.0 
.97 
.93 

.87 
.80 

.73 
.67 
.61 
.56 
.51 


65 
70 
76 
80 
85 

90 

95 

100 

105 

110 


7474 
6835 
6261 
5745 
6281 

4866 
4595 
4154 
8850 
3576 


.47 
.43 
.89 
.86 
.83 

.80 
.29 
.26 
.24 
.22 



indicated by the table, and the allowable fibre stress in top flange 
must be reduced. If such a beam were to carry a load giving 
a fibre stress of 16,000 lbs. per square inch, the actual fibre stress 
in top flange would be greater than this, as the deflection sideways 
would tend to distort the top flange and thus cause the additional 
sti^esses. 

The length of beam which it is customary to consider capable 
of safely carrying the full calculated load without support against 
lateral deflection, is twenty times the flange width. The reason 
fpr thus fixing upon twenty times the flange width may be seen 
from the following : 
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In any consideration of a reduction of stress in a compression 
member due to bending caused by its unsupported length, it is 
customary to use Gordon's formula for the safe stress in columns. 
This formula is : 

^^"l + ii 

For columns with fixed ends, a = 36,000. Now if we consider a 
5-inch 9.75-lb. I, the moment of inertia about the neutral axis 
coincident with center line of web is I' = 1,23. 

Since the moment of inertia of the web alone about this axis 
is inappreciable, the moment of inertia of each flange about this 
axis is V f = .62. 

The area of the whole section = 2.87 sq. in. 

Web= .86 
Area of flanges = 2.01 sq. in. 
Area of one flange = 1.00 " 
Therefore r'|2= .62 
r',= .79 
The width of flange for 5-in. beam = J = 8.00 in. 

b 
Therefore r\ =ggQ- 

Tests on full-sized columns show that columns of length less 
than ninety times the radius of gyration bend little if any under 
their load. It is, therefore, generally customary to disregard the 
effect of bending for lengths less than 90 radii. If in the above 
we multiply, we have : 

90 r', = 23.7 b 

The assumption that with full fibre stress of 16,000 lbs. 
beams should be supported at distances not greater than twenty 
times the flange width, brings the limit under that of 90 mdii. 

Approximately the same result will be obtiiined if we assume 
the flange a rectangle and substitute 18,000 for / in Gordan's 
formula. Thenr^-^' 



and/e 



12 
18,000 



1-— ^ 
^ 3,000 6« 

and for Z = 20 i 

/; = 15,900. 
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TABLE V. 
PropcrtiM of l-BeuB*. 



1 ^ 


a 


3 


4 


6 


6 


7 


8 


9 


1 


1- 


1 

51 


II 


1 




Kom. of Inertu 

Neutral Axis 

•H Perpendicular 

to Web at 

Center 




mi 

r 






100.00 


29.41 


0.7&4 


7.254 


2380.3 


48.56 


9.00 






85.00 


27.94 


0.692 


7.192 


2309.6 


47.10 


0.09 


B 1 


24 


90.00 


26.47 


0.681 


7.131 


2239.1 


45.70 


9.20 






85.00 


25.00 


0.570 


7.070 


2168.6 


44.85 


9.81 






80.00 


23.32 


0.600 


7.000 


2087.9 


42.86 


9.46 






100.00 


29.41 


0.884 


7.284 


1655.8 


62.65 


7.50 






95.00 


27.94 


0.810 


7.210 


1606.8 


60.78 


7.5d 


B 2 


20 


90.00 


26.47 


0.787 


7.137 


1557.8 


48.98 


7.67 






85.00 


25.00 


0.663 


7.063 


1508.7 


47.25 


7.77 






80.00 


23.73 


0.600 


7;000 


1466.6 


46.81 


7.86 




20 


75.00 


22.06 


0.649 


6.399 


1268.9 


80.25 


7.38 


B 3 


70.00 


20.59 


0.575 


6.323 


1219.9 


29.04 


7.70 






66.00 


19.08 


0.600 


6.260 


1169.6 


27.86 


7.83 






70.00 


20.59 


0.719 


6.2.50 


921.3 


24.62 


6.69 


B80 


18 


65.00 


19.12 


0.637 


6.1T7 


881.5 


23.47 


6.79 






60.00 


17.65 


0.555 


6.095 


&41.8 


22.38 


6.91 






66.00 


16.93 


0.460 


6.000 


796.6 


21.19 


7.07 






100.00 


29.41 


1.184 


6.774 


900.5 


50.98 


6.53 


B 4 


16 


95.00 


27.94 


1.085 


6.675 


8?2.9 


48.37 


5.59 


90.00 


26.47 


0.987 


6.577 


845.4 


45.91 


5.65 






85.00 


25.00 


0.880 


6.479 


817 8 


48.57 


b.TH 






80.00 


23.81 


0.810 


6.400 


796.6 


41.76 


6.78 






75.00 


22.06 


0.682 


6.292 


691.2 


80.68 


5.60 


B 6 


16 


70.00 


20. 5U 


0.784 


6.194 


663.6 


29.00 


5.68 






65.00 


19.12 


0.686 


6.096 


636.0 


27.42 


677 






60.00 


17.67 


0.690 


6.000 


609.0 


26.96 


6.87 






55.00 


16.18 


0.656 


5.746 


611.0 


17.06 


5.62 


B 7 


16 


60.00 


14.71 


0.558 


5.643 


483.4 


16.04 


5.78 






45.00 


13. at 


0.460 


5.550 


453.8 


15 00 


5.87 






42.00 


12.48 


0.410 


6.600 


441.7 


14.62 


6.96 






55.00 


16.18 


0.882 


6.612 


321.0 


17.46 


4.45 


B 8 


12 


50.00 


14.71 


0.699 


5.489 


803.3 


16.12 


4.54 






45.00 


13.24 


0.570 


5.366 


2H5.7 


14.89 


4.65 






40.00 


11.84 


0.460 


6.260 


268.9 


13.81 


4.77 


B 9 


12 


85.00 


10.29 


0.436 


6.086 


228.3 


10.07 


4.71 






31.60 


9.26 


0.360 


6.000 


216.8 


9.60 


4.83 






40.00 


11.76 


0.749 


5.099 


158.7 


" 9.50 


8.67 


Bll 


10 


85.00 


10.29 


0.602 


4.952 


146.4 


8.52 


8.77 






80.00 


8.82 


0.455 


4.805 


134.2 


7.65 


8 90 






26.00 


7.37 


0.310 


4.660 


122.1 


6.89 


4.07 






85.00 


10.29 


0.732 


4.772 


111.8 


7.31 


8.29 


B13 


G 


80.00 


8.82 


0.569 


4.609 


101.9 


6.42 


8.40 






85.00 


7.35 


0.406 


4.446 


91.9 


5.65 


3.54 






21.00 


6.31 


0.290 


4.330 


84.9 


6.16 


3.67 






2a..'50 


7.50 


O.Ml 


4.271 


68.4 


4.75 


8.03 


B16 


8 


23.00 


6.76 


0.449 


4.179 


64.5 


4.89 


3.09 


20.50 


6.03 


0.357 


4.087 


00.6 


4.07 


8.17 






18.00 


6.33 


0.270 


4.000 


66.9 


3.78 


3.27 






20.00 


5.88 


0.458 


3.868 


42.2 


8.24 


2.(i8 


B17 


7 


17.50 


5.15 


O.as:? 


8.7C3 


89.2 


2.94 


2.76 






16.00 


4.42 


0.260 


3.660 


36.2 


2.67 


2.86 






17.25 


5.07 


0.475 


3.575 


26.2 


2.30 


2.27 


B19 


6 


14.75 


4.:i4 


O.JiVJ 


3.45v» 


24.0 


2.09 


2.85 






12.26 


3.61 


0.230 


3.330 


21.8 


1.86 


2.46 






14.75 


4.34 


0.504 


3.294 


15.2 


1.70 


1.87 


B21 


6 


12.25 


8.0U 


o.a",? 


8.147 


13.6 


1.45 


l.W 






9.76 


2.87 


0.210 


3.000 


12.1 


1.23 


2.06 






10.50 


3.09 


0.410 


2.880 


7.1 


1.01 


1.53 


B23 


4 


9.50 


2.79 


0.337 


2.807 


6.7 


0.93 


1.55 


8.50 


2.50 


0.263 


2.73;^ 


6.4 


O.H-> 


1.59 






7.60 


2.21 


0.190 


2.660 


6.0 


0.77 


1.64 






7.50 


2.21 


0.861 


2.521 


2.9 


0.00 


1.15 


B77 


3 


6.50 


1.91 


0.263 


2.428 


2.7 


0.53 


1.10. 






6.60 


1.63 


0.170 


2.330 


2.6 


0.46 
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TABLE V — (Contlnaed.) 
Properties of l-Beams. 



10 


11 


12 


13 


14 


16 


ii|M 


lllll 






Pf 


J 

1 


1.28 
1.80 
1.81 
1.83 
1.36 


198.4 
192.5 
180.6 
180.7 
174.0 


2115800 
2052900 
1900300 
1927600 
1866000 


1653000 
1608900 
1554900 
1506900 
1440000 


17.82 
17.99- 
18.21 
18.48 
18.72 


B 1 


1.84 
1.85 
1.86 
1.87 
1.30 


165.6 
160.7 
1B6.8 
150.0 
146.7 


1766100 
1713900 
1661G00 
1009300 
1664300 


1879800 
1339000 
1298100 
1257200 
1222100 


14.76 
14.98 
15.10 
15.80 

16:47 


B 2 


1.17 

1.19 

1.21 


126.9 

122.0 

117.0 


1358500 

i:i01200 

1247600 


1057400 

1016600 

074700 


14.98 

15.21 

16.47 


B 3 


1.09 

1.11 

1.18 

1.16 


102.4 
97.9 
98.5 

88.4 


1091900 

1014800 

907700 

043000 


853000 

816200 

779500 

736700 


18.20 

13.40 

13.^ 

13.06 


BOO 


1.81 
1.88 
1.38 
1.88 
1.82 


120.1 
116.4 
U2.7 
109.0 
106.1 


1280700 
1241500 
1202300 
1163000 
1131300 


1000600 
969900 
939300 
fK)8600 
883000 


10.75 
10.86 
10.99 
11.13 
11.26 


B 4 


1.18 
1.19 


92.2 

88.5 

B4.8 

81.2 


983000 

943800 

904600 

866100 


768000 

737400 

70C700 

676600 


10.95 

11.11 

11.29 

11.40 


B 6 


1.08 

1.04 

LOT 

1.06 


68.1 

64.5 

60.8 

68.0 


726800 

687500 

61H200 

628300 


667800 

637100 

506400 

400800 


11.05 

11.27 

11.54 

11.70 


B 7 


1.04 

1.05 

1.00 

1.06 


68.5 

60.6 

47.6 

44.8 


670600 

639200 

607900 

478100 


445800 

421300 

396800 

373600 


8.65 

8.83 

9.06 

0.20 


B 8 


0.90 
1.01 


88.0 
36.0 


405800 
383700 


317000 
200700 


9.21 
0.46 


B 


0.90 

0.91 

0.96 

0.07 


81.7 

89.8 

26.8 

24.4 


888500 

812400 

286300 

260600 


264500 

244100 

223G00 

203600 


7.12 

7.82 

7.57 

7.01 


Bll 


0.84 
0.85 
0.88 

0.80 
0.80 
0.81 
0.88 

0.84 


84.8 
22.6 
20.4 

18.0 
17.1 
10.1 
15.1 

14.2 


265000 
241500 
217900 

201 300 
182500 
172000 
161600 

151700 


207000 
188700 
170300 

167300 
142600 
134400 
126200 

I18600 


6.36 
7.58 
6.86 

7.12 
5.88 
6.96 
6.18 

6.32 


B13 
B 16 


0.74 

0.70 

0.78 


12.1 

11.2 

10.4 


128600 

119400 

110400 


100400 

93300 

86300 


5.15 

5.31 

6.60 


B 17 


0.68 

0.69 

0.72 


8.7 
8.0 
7.3 


93100 

85300 

77600 


72800 

66600 

60600 


4.38 

4.49 

4.70 


B 19 


0.63 
0.63 

ae6 


6.1 
6.4 
4.8 


64600 

58100 

61600 


5a500 

4r>ioo 
40300 




B 21 


0.57 

0.68 

0.58 

0.60 


8.6 
8.4 
8.2 
3.0 


88100 

36000 

83900 

31800 


29S0O 

28100 

26500 

24000 


• • • V 


B 23 


0.52 

0.62 

0.63 


1.9 
1.8 
1.7 


20700 

19100 

17600 


1620 
15000 
13800 




B 77 



39 



Digitized by 



Google 



82 



STEEL CONSTRUCTION 







TABLE V — 1 


[ConUnued.) 








Properties of Carnegie Trough Platee. 






1 


ii 


II 


1 


ij 
u 


I 


|l 

s 


i 

r 


M 10 


9lixZ^i 


^ 


1G.3 


4.8 


8.G8 


1.88 


0.91 


M U 


'iVz^iYx 


A 


18.0 


5.8 


4.18 


1.67 


0.91 


M J2 
M 13 




s 


19.7 
21.4 


5.8 
0.8 


4.5T 
5.03 


1.77 
1.96 


0.00 
0.90 


M 14 


^%^)i 


232 


0.8 


5.46 


8.15 


0.90 



TABLE V— (Concluded.) 

Properties of Carnegie Comigated Plates. 



Mao 

M81 
M 82 
M 88 
M84 
M85 



5| 



SKxlfl, 
8^x15^ 






I 



8.1 
10.1 
12.0 
17.75 
80.71 
23.07 



II 
1^ 



9.4 

8.0 
8.5 
5.3 
6.1 
7.0 



3 



0.ft« 
0.95 
1.25 
4.79 
5.81 
6.83 



i| 
II 

s 



0.80 
1.13 
1.42 
3.33 
8.90 
4.46 



fa 



0.58 
0.57 
0.68 
0.96 
0.08 
0.99 



Table IV gives values to use for fibre stress, and proportions 
of full tabular load to use for different 
ratios of length and width of flange. 

Tables V, VI, VII, and VIII give 
the properties of the minimum and 
maximum sizes of the different shapes. 
These tables are for use in choosing 
flections to meet the requirements of 
design, and will be explained in detail 
in the pages that treat of design of 
members in which these shapes are used. 
These different functions can all be 
calculated quite readily, and it is impor- 
tant that the student should understand 
how these are obtained. For this pur- 
^8 pose the functions of a 24-inch 80-lb. 
^ij^^ — ^0JEP4; beam will be worked out. The 
3l p tion of the beam is here shown. 




Tf" 



1 



sec- 



•EAM SECTION 
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Arba. 
Web = (24 — 2.284) X .50 = 10.858 

Flanges = ^'^f "^ '^^ X 3.25 X 4 = 11.828 

1.142 X .50 X 2 = 1.142 12.465 

23.823 

It will be noticed that tlie areas of fillets and the roundiDgs of outer 
edges are disregarded. These closely offset each other. 

Weight per Foot. 

Since a cubic foot of steel weighs 490 lbs., the weight per 
foot of a 24-inch beam should be : 

?|l^||Al2 X 490 = 79.331 lbs. 

Moment of Inertia About Axis 1 — 1. 

I of web (taken to outside of flanges) = iV X J X 24* = 576. 
I' of flange about an axis through center of gravity of each 
component element. 

Axis A A = ^ X 3.25 X .60' X 4 = .234 

Axis B B = ^g X 3.25 (1.142 — .60)8 = '^ 

I of flanges about axis 1 — 1 =I'-|-Ax 4^^. 

Where A = area of flanges, and d = distance from center of 
gravity of flange to axis 1 — 1, as in the above, the flanges being 
divided into two figures, the d in each case will be the distance 
from 1 — 1 to the center of gravity of that figure. 

I = 3.25 X .60 X 11.702 x 4 = 1,007.752 

8.25 X .271 X 11.222 x 4 = 443.505 1,511.548 

576. 



2,087.548 
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Union Bank Bujlding> 



Dor/t'ftg A Pm araon ^reMf. 



/fmvi9tJ. ^uy.3./903. 
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T^/oical Floor P/an 
^ffh. fb^fh. Ftoorm /f»*J , 

UNION BANK BUILDING. WINNIPEG, MANITOBA, CANADA 

Darlins A Pearson, Architects, Toronto; £. C A R. M. Shankland, Engineers, Chioago 

Typical floor-plan of steel construction. See also illustrations on page 66. 
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UNION BANK BUILDING, WINNIPEG. MANITOBA. CANADA 

View taken May 14, 1904, seven and one-half months after work of excavation was started. Note 

the method of providing supports for the terraHK>tta cornice which is hung from the 

steel work. See also illustrations on page 58. 
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Moment of Inektia about Axis 2 — 2. 

Web— -1 X 24 X .508 = .260 

12 

Flanges axis A' A' =.i X .60 X 3.25» X 4 = 6.866 
^ 12 

Foraxi82-2= +3.26 X .60 X (1.623 + .26)2 X 4 = 27.302 

Flange axis B' B' = 1 X .542 X 3.26« X 4 = 2.060 

36 

For axis 2-2 = + .542 X 1.63!X (1.08 + .25 )» X 4 = ^-250 42J38 

Other methods of computing the moments of inertia would 
perhaps bring a result even closer to the values given in the tables, 
which are taken from the Carnegie Handbook, although the values 
vary a little in the different books for identical sections. 

Radius of Gyration. By definition, the radius of gyra- 
tion is equal to the square root of the quotient of the moment 
of inertia divided by the area of the section ; therefore, if r^.i and 
r2_2 correspond to radii of gyration about the axes 1-1 and 2-2 
respectively, 

'^'-^-V -23:323 ^'^^ 

/42.538 - oc 
^- = V 23:323 = ^'^^ 

Section Modulus. In the calculation of stresses in beams, 
the formula used is : 

y 

M I 
or, _ = -. 

/ y 

The proper section of beam could be determined by this 

formula, using th» moment of inertia, the distance from the 

neutral axis to the extreme fibre, and the allowable fibre stress. It 

is more convenient, however, to have the constant - expressed in 

the tables, and this constant is called the " Section Modulus." 
In the above case, therefore, 

S I ^2,087.548^ ^^3ge 
y 12 
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TABLE VII— (Concluded.) 
Properties of Standard and Special Anglat. 

Angles with Equal Legs. 



lO 



1 



1] 



9 



11 



'A 



t 




8 



•A 51 
•A 68 
•A 68 
•A 64 
•A 55 
•AIM 

A66 

A 67 

A 68 
A 59 
A60 

A 61 
A 08 
A6S 
A64 
AOS 

A66 

A 67 
A68 
A60 
AlOB 

A70 
A 71 
ATS 
A 78 

ATS 
AT8 
A80 

•A 81 
•A 88 

A8S 
A84 



8.00 
1.78 
1.66 
1.81 
1.06 
0.81 

1.6C 
1.86 
1.15 
O.M 
0.78 

1.80 
1.17 
1.00 
0.81 
0.88 

0.80 
O.M 
0.60 
0.68 
O.tt 

O.OB 
0.66 
0.48 
0.80 

0.44 
0.84 
0.84 

0.88 
0.81 

0.86 
0.17 



0.74 
0.78 
0.70 
0.08 
0.08 
0.08 

0.06 
0.64 
0.01 
0.60 
0.67 

0.60 
0.67 
0.66 
0.58 
0.61 

0.61 
0.49 
0.47 
0.44 
0.48 

0.48 
0.40 
0.88 
0.86 

0.84 
0.88 
0.80 

0.88 
0.86 

0.86 
0.88 



0.87 
0.79 
0.70 
0.01 
0.61 
0.80 

0.64 
0.48 
0.48 
0.85 
0.88 

0.86 
0.81 
0.97 
0.88 
0.18 

0.19 
0.16 
0.14 
0.11 
0.06 

0.00 
0.077 
0.061 
0.044 

0.087 

o.oeo 

0.088 

0.019 
0.014 

0.018 
0.009 



0.68 
0.68 
0.46 
0.89 
0.88 
0.94 

0.40 
0.86 
0.80 
0.85 
0.19 

0.80 
0.96 
0.88 
0.19 
0.14 

0.19 
0.108 
0.184 
0.104 
0.070 

0.109 
0.091 
0.071 
0.040 

0.060 
0.044 
0.081 

0.088 
0.088 

0.084 
0.017 



0.06 
0.07 

o.or 

0.08 
0.08 
0.70 

0.B9 
0.60 
0.00 
0.61 
0.08 

0.61 
0.61 
0.68 
0.68 
0.64 

0.44 
0.44 
0.46 
0.46 
0.40 

0.80 
0.87 
0.86 
0.88 

0.89 
0.80 
0.81 

0.96 
0.96 

0.88 
0.88 



0.48 
0.48 
0.48 
0.44 
0.44 
0.44 

0.88 
0» 
0.80 
0.80 
0.40 

0.88 
0.84 
0.84 
0.84 
0.85 

0.89 
0.88 
0.80 
0.80 
0.80 

0.88 
0.84 
0.84 
0.96 

0.19 
0.19 
0.90 

0.10 
0.10 

0.10 
0.17 



Anglos marked • are special. 
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The section modulus about the axis 2-2 is not given in the 
tables, because the beam is rarely used in this position. It can, 
however, be readily obtained : 

^2 2 ^^ — 12 — ^^ ^'^^ 

Coefficient of Strength. This also is a constant 
employed to express the relations of certain values used in the 

fl 
calculation of stresses in beams. As stated before, M = — . 

y 

Also M = J pl^ for a load uniformly distributed, where p = 
the load per linear foot, and I = the length of span in feet. As 
the value of M in the first equation is in inch-pounds, in the second 
also it must be in inch-pounds in order to equate them. 

Therefore, M ='^ = ^^|^, 

y b 

and -J2 =pl^ =C; 

also, IJI = »Z2 = C. 
12y 

This value of C is convenient to use, because from it the 
total load that a beam can safely carry on a given span is readily 
obtained. 

rj 

L = total load z= pi = — . 

To derive the value of C in the case of the beam above, if we 
use/ = 16,000, which is the value for buildings, then 

8 X 16,000 X 2,087.548 
12X12 

= 1,856,698. 
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If the value of I given in the table of Carnegie's Handbook 
be used, the value of C will check with that above. 

The value of C, however, varies as much as or more than this 
in the different books, because a slight variation in I is multiplied 
to such an extent. The variation, however, is of no practical 
impoi-tance in deducing the value of L, as the variation here is 
slight. 

C, the coeflBcient derived by using the value of /= 12,500, 
becomes 

8 X 12,500 X 2,087.548 
^ — 12 X 12 

= 1,449,685. 

Equal Radii of Gyration. The last column in the table 
is very useful in the designing of members that are desired to be 
equally strong against bending both in the directon of the web and 
in a direction at right angles to it, as this column gives the dis- 
tance apart that beams must be spaced to accomplish this result. 

Since the radius of gyration depends on the moment of inertia 
and the area of section, it follows that for a given section, the 
radius of gyration about two axes will be proportional to their 
moments of inertia about these axes. 

If d equals the distance in inches from the center of each 
beam to the neutral axis of the two, in order to obtain In = 13.3 
we must have Ii.i = I2.2 -\- A cP. 

In the above case 

Ij.j _ I2., = 2,087.548 — 42.538 = 28.323 cP ' 



-v/' 



'2 ,045.01 
23.323 

= 9.35 



Therefore D = 2 X 9.35 = 18.70. 



4^ Digitized by Google 



40 



stp:el construction 



a 

u 

SI I 
5l» 



I, 



i 



i 









«ii«nuid 









•IniiJifDrt 



I la&si&|{;ll 8s8§i!S«gti§ SSt^Pl^fSSiaiet: Hi 

< <<<<<<<<<< «<<<<<<<<< <^<<<<<<<<< <^< 



? SSSS8BSSS38 SSSSSSSlBfe&S 2C?.iqSS{3{3tS|3|3St: SSS 
d deddcloieded! dddddddddde ddddddddddd odd 



« sssssaacvifis ssssosssssss sssossssssss ssts 

M dMMw'eiatMMdd ^Mr4M'F«*«M<Hi-iv4*i4 ^„',.^r4Mi4MMr4'<|4iH «i^*|«^ 



8 883ssa8838 SS;:;:«SS^:SSS:: 88S3S8SS&S8 :C9:3 

d dodoeicidocid «H'«^nr4'r4r4*«»^>^<-<*4 ddddddddddd i-!»^^ 



8 SS89888S;888 SSSS8ISSS88a S^^SSSSSCSCSS 886 



e SSS9S?^88« {S88;5S:|S2S5888 S?S9&=3t:S78 SSS 

«-• MetoieimMfx'v^i-ip^' eodoodeiddoiM^M eieie«eie*eiM'f-^i-i'«i^^ ddd 



8 tsSS98lr8S;;S I38(3:5SS&889^ S3SS8SS?8S;3t;8 9S8 
8 99888888ifia 88S;8S8SS'£;^S 8si8eiaei8ss;:8 ^^i 



a ss898ess98 isatsassssfess sssss^^s&ass a?a 

-^ t«Vddddto^5rf» ddddaoopt^ddiO'v (•*dddiodd^^eeM ddd 



If 












5lll 



HI 



II 



8 i:8&38S&lg3S S:SSSS8S58SS 8Sa8SSSS888 1=88 

M oiMMMMMOiMWM motdMMoietot^v^M mwwwMtiwwMfioi ^^^ 



n 8Sa8SpSgSSJ5«? t:SSSS8SS8S3 5SS:8SSSSes{^ sss 

d dddddddddd »-«w4»4»^»-Ii-««-«i-iddd »^dpdddddddd ^rmr* 



4 

8 
8 

! 



8 S&9So5^t:SS9 ^SS^S?S^S2SS5 sssssssss^a ;:8S 

d da6adt-'e»'ddteid-<# dadt«'t^dddto<«'«d aoadt^t-'ddioidWdd fr^do 



8 88ss8aa«:£^':s ssi^aasisstsss! asiidsiasiississ;: aaa 



:S 3r«3r:<t2in-?:r.-s r?!SSis:ri?;»»;-2:« SKSS«:ri;^-W>SR «»: 









oo «-t>t>i»t»t»t*t>i«c» «o«o«o«o«D«D««o« «De«oo<oe««<o« loioia 



g sssgssstssa 8s8sS8ss8g8 assggggggisg ggs 

< <<<<<<<<<< «<<<<<<<<< <^<<<<<<<<< <<< 



48 



Digitized by 



Google 



STEEL CONSTRUCTION 



41 



> 

3 





10 




uyq 


WtlB^ 


Illlll 




IIIHIIII 


IIIIIIIP 






?•• 


•aim 




ooodoe'dddd 


333S888SS 


S33S38888 




CO 




33S&SS 


8SSSS^S883 


888^88858 


8^S9.;;^977 






SfcSSSS 


8&;SSS8SS8S 

d d d d d «-< ix' fNi ^ .4 


88SS8S2S8 


S8!S88SeSS 

ddddddddd 




o 


1" 






W <«•' ^ M «o 00 et «i M »^' 






1 

< 

11 






aSSSISSfSasSSS 


?8S8S:aS8^ 


i:89£>SSSSSS 


a 

CD 


i 

r 






&SSS8SSSI58 


Meow^ddabt^d 


8I3«9|S3^88 

dddodt^to'did'* 








i:zS88883e5 

MeeeowMetovaai-: 


3$SSiSS88?2 


»• 
O 




^2 




^^8^88 


f^CeRSSSSSS 


SS88t:|3|SS8 


888SSZS««S 


to 
Jifortio 


;5SSSS88 


S88SISSS88S 

>^*^f4dddddde 


8S88t:|Sf3S8 


dd9d9<>99& 


I' 


10 


# 


S!8l^^a 


^I^SfeS^SSSS 


398SSi8S88 


9888888^8 




« 




S 




asiaasasKss* 




$s5:s:5edt*»-' 




o 


h 


3KR-WWSR 


«»«:;«;<R»»R-C 


S5C»;-RaS5r<! 


s;j«sR<:»»Rx< 




« 


ii 


TSTfTS-STt 


?lff?l?l?f 


«*S9g95^5^ 






fl4 






ii 


1 


ISIII 


fllllllil^ 


lllllllll 


filllllf? 



49 



Digitized by 



Google 



42 



STEEL CONSTRUCTION 



1*1 

>^ a p 

CO J! << 

■< t 

^1 



-4 


nv>I«tlMt 


lllllill! 


mmm 


mma 


llllllil 


« 


1 




odd do dodo 


aSSS32SSS8 

ddddddddd 


838888888 


8888222S 

dddddddd 




sssasssss 


osaasacsalssi 


SS88fefe88S 


8S888SSS5 


1 




55888388^ 


8SS888Sd88 


88SS&8gS88$ 


feeeepppj! 

dddddddd 


«i4 

2 


i- 




StSS»:28{!S8 


Ss8S888^98 




8?S7S88tq 


•pnri»4»ni 


SS8S83SS5 


8&$8aS!8S5? 


^^^•^'^„'ddd 


8SStS88S7 

dddddddd 


o 


! 

i" 




r:«8^S8e^8 


SS9S883SS 


8e?sPS2e8 


S8;SS58S8 
<««fleddoiMf4 


tt 


•Snuji8«ri 


9SSa^?98S 


^a8Ss89Sa8 


8S81SS8888 

«dM«M«M«HM 




f 


1^^ 

W 


^ 


8SSaa688itf^ 


998Ss888aa 


8S9S:SSS88 


52225222 








« 




n86888SS8 

i4*^<i<'*^««'<4ddd 




888888888 

cic>ooo9dd9 


ooodooeo 


e 


# 


988a888^K 


88SS8a&98 


8S8iSS8888 


888l38SfS« 

ddM«««iotMM 


^ 


HI 


ioa»ot-«ak«^t- 


SlsSa5552 


M^MM-^ddt^d 


25^22555 


eo 


|i 


=S«SX05<«-R 


sse^^-^s&R'C 


s:«:sx>»^:sR<: 




:S!%^£lS«IHSi< 


01 


1] 


^^^^ 


9999^tl999 


^^ 


^S^3^ 


^ 




Ji 


1 


fPiillfl< 


I^SIIIIIl IIISIIIII lll^llll 



60 



Digitized by 



Google 



STEEL CONSTRUCTION 



43 



U 



llllll mm mil mill mill II II 



I. 



Z^Zt99 SaSSSS 99999 999999 SS^999 SS 89 

^ooddti oodddd ddddd dddddd dddddd dd dd 



•inuJtVm 



8oSS8S SS8SSS S8SSS tqS^C.ISIse eSS^C^S! 88 9^ 
^^ri^^^ dddddd ddddd dddddd dddddd dd dd 






8SSSS& f!S!e??^ SSS&& S&SSS8 $7;;988 89 88 
dddddd dddddd ddddd dddddd dddddd dd dd 



i 






8!:iS5t:8 iS3SS88 88SSSS ^SS^88 399888 8S 8S 

T^^w^ddd Mi-!deoo ^idddd dddddd dddddd dd dd 



•SsiUfjiSaoi 



899^88 88?8S99 ^9So88 9^8^88 8881:3;: SiS 88 

oooooo odoooo ddddd dddddd dddddd dd dd 



I 






295888 8S8S9S: SfSSaS ;:SS?SS I5S«89S feS 88 

•aeioiv^f-iv^ «et<Ni-4^<-< ^MTmri^T* T*w^dddd dddddd dd dd 



01 



^88899 98^38^ ^^^^^ SSS9SS8 SSSStSS; SS SS S 

dddddd «^«n«4«4o'c> ddddd dddddd dddddd dd dd * 






If 



l^ 









# 






ll 



ii 



Si.r^^SS S8SSSS8 88S88 8886^^ SSSS^I^ 88 99 g 

p^M*4v4fi^^ tt^de'dd v<i-4^«-id dddddd dddddd dd od ■ ^ 



8^3389 r:t5eF:S8 SSS89 88S82S 99998SS S58 88 

oooooe oddddd ddddd dddddd dddddd dd dd 



28S8S8 t5S888S3 88{3I;2 8^85383 89S«^S& f^9 88 
btMMn^^ e*«c«*«««n otMi-«v4v^ ei*"i-<i-ii-<d *«iM«-«f-)dd dd dd 









•ff«rff«-Cs« -C^l^OROe »»C«-»t ;j>»P«<5ie< :r*»R'Ci?< X! XR 



HESSE ^^^^^^^^ ^^3^9^ 9<a9«'39 ??lf?? ?? lis 

ggS?2» ««««« 2^^^^^$ JfSiKSif «,« 5* 



iiiiPi llllll iiiii llllll llllll II II 



51 



Digitized by 



Google 



44 



STEEL CONSTRUCTION 



BUILDING LAWS AND SPECIFICATIONS. 

The requirements of the Building Departments of different 
cities vary considerdbly as regards detail uiattei's, but are in quite 
close agreement on points affecting the strength of structures. 

The following table shows the requirements of different cities 
as regards live loads : 

TABLE IX. 

Bulldlns Laws: ~ Specified Live Loads in Different Classes of Buildings. 

The loads specifled are exclasive of weight of materials of construction. 



Class of Structure. 


Nkw York, 
1900. 


Chicaoo, 
1900. 


Philadrlphia, 
1903. 


BOSTOH, 

1900. 




Load, Pounds per Square Foot. 


Dwellings, Apartment 
Houses, Hotels, and Lodg- 
ing Houses 


60 


40 


70 


50 


Office Buildings — First 
Floor 


150 

75 


100 
100 


100 
100 


100 


Office Buildings — above 
First Floor 


100 


Schools — except Assembly 
Halli 


75 






80 






Assembly Halls 


90 


100 


120 


150 


•Stores for Heavy Materi- 
als ; Warehouses and Fac- 
tories; Drill Sheds . . . 


160 


100 


150 


250 


Roofs 


50 


25 


30 


25 







•Minimum loads as above. 
Buildings used for special purposes to have loads specifled accordingly. 

Table X indicates allowable unit-stresses. 
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TABLE X. 

Allowable Unlt-stressef for Stoel and Cast troo. as Specified by Buildioff Laws of 

Different Cities. 

Stresses are for Medium Steel unless otherwise noted. 



Extremejibre stresa-B ending 

Rolled steel beams aud 
shapes 

Rolled steel pins, rivets . . 

Riveted steel beams — Com 
pression 

Riveted steel beams — Ten- 
sion net section 

Cast iron — Compression . 

Cast iron — Tension .... 
Compression^ Direct. 

Rolled steel 

Cast steel 

Wrought iron 

Cast iron (in short blocks) . 

Steel pins and rivets (bear- 
ing) 

Wrought-iron pins and 

rivets (bearing) 

Tension^ DirecL 

Rolled steel 

Cast steel .... • . . . . 

Wrought iron 

Cast iron 

Shear. 

Steel web plates 

Steel shop rivets and pins . 

Steel field rivets and pins . 

Steel field bolts 

Wrought-iron web plate . . 

Wrought-iron shop rivets 
and pins 

Wrought-iron field rivets 
and pins 

Wrought-iron field bolts . 

Cast iron 

Columns, 

Mild steel • 



Medium steel* 



Wrought iron. 



Cast iron 



New Yoek, 
1900. 



Chioaqo, 
1900. 



Philadelphia, 



Boston, 
1900. 



Founds per Square Inch. 



16,000 
20,000 



14,000 

16,000 

3,000 

16,000 
16,000 
12,000 
16,000 

20,000 

15,000 

16,000 

16,000 

12,000 

3,000 

9,000 
10,000 
8,000 
7,000 
6,000 



7,500 



6,000 
5,500 
3,000 



15,200-58 - 
R 



L 

15,200-58- 
R 



14,000-80 - 



11,300-30 - 



16,000 
22,500 



10,000 
2,500 



20,000 
15,000 

15,000 
16,000 
12,000 



10,000 
10,000 



7,500 
7,500 

15,000 
16,000 
12,000 
10,000 



16,000 


16,000 




22,600 




12,000 




15,000 




8,000 


3,750 


2,500 


16,250 




16,250 




12,500 




17,500 






18,000 




15,000 


16,250 


15,000 


16,250 




12,500 


12,000 




10,000 


10,000 


10,000 


10,000 


10,000 


10,000 


10,000 




9,000 


7,500 


9,000 


7,500 


9,000 


7,500 


9,000 


14,500 


12,000 


1+ '^' - 
13,600 R2 




16,250 


12,000 


1+ '^' - 




11,000 R2 




12,500 


10,000 


!+->'- 




^ 15,000 R2 




17,500 




1+ '' . 




400 K^ 





" Redaoed by Gordon's or other approved f ormule for varying ratios of length to radius 
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Table XI gives, in pounds per square inch, the transverse 
strength of various stone constructions, brick and concrete: 



TABLE XI. 
Transverse Strength of Stone, Brick and Concrete. 



Extreme fibre stress — Bending. 

Blue Btoue flagging 

Granite 

Limestone 

Marble 

Slate 

Sandstone 

Brick 

Concrete, 1 Port, cem., 2 sand, 5 gravel 

Concrete, 1 Port, cem., 3 sand, 7 gravel 



POUNDS PER SQUARE INCH. 



2,200 

1,700 

900 

2,000 

6,800 

810 

725 

200 

116 



Where walls are carried by the steel framing at each story, 
they are generally made 1 2 inches thick. 

The question of height also affects the requirements of fire 
resistance and prevention. There is considerable variation on 
these points. Table XII gives the requirements of some cities 
whose laws are explicit as to the thickness of walls and the pro- 
portion of loads on columns and foundations. 

TABLE XIL 

Thickness In Inches of Brick Bearing Walls. Chicago Law, 1901. 



BASB- 
MBNT 



Ist 



2d 



3d 



4th 



6th 



6th 



7th 



8th 



9th 



10th 



nth 



12 th 



One-Rtory 

Two-story 

Three-story 

Four-story 

Five-story 

Six-story 

Seven-story 

Eigbt-story 

Nine-story 

Ten- story 

Eleven-story 

Twelve-story 



12 


12 






















16 


12 


12 




















16 


16 


12 


12 


















20 


20 


16 


16 


12 
















24 


20 


20 


16 


16 


16 














24 


20 


20 


20 


16 


16 


16 












24 


20 


20 


20 


20 


16 


16 


16 










24 


24 


24 


20 


20 


20 


16 


16 


16 








28 


24 


24 


24 


20 


20 


20 


16 


16 


16 






28 


28 


28 


24 


24 


24 


20 


20 


20 


16 


16 




28 


28 


28 


24 


24 


24 


20 


20 


20 


16 


16 


16 


32 


28 


28 


28 


24 


24 


24 


20 


20 


20 


16 


16 



16 



The above table applies to manufacturing and storage buildings. 
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TABLE XII, A. 
TtaickneM in Inches of Brick Bearing Wails. PtalladelpliU Law, 1903. 



1st 



2d 



3d 



4th 



5th 



6th 7th 8th 9th 10th 11th 12th 



One-story 

Two-story 

Three-story 

Four-story 

Five-story 

Six-story 

Seven -story 

Eight-story 

Nine-story 

Ten- story 

Eleven-story 

Twelve-story 



13 
13 
18 

la 

22 
22 
26 
26 
30 
30 
34 
34 



13 
13 
18 
18 
22 
22 
26 
26 
30 
30 
34 



la 

13 
18 
18 
22 
22 
26 
26 
30 
30 



13 



The above applies to exterior and bearing walls of business, 
manufacturing and public buildings, 75 feet to 125 feet long and 
26 feet or less clear span. Hotels and tenements may have the 
3 upper stories 13 inches and following down from that in the 
sequence given above. 

TABLE XII, B. 



Safe Bbabino Valubs in 

Tons pbr bq. ft. on Dif- 

FBBBNT Classes ok 

Masonry. 


Nbw York, 
1900. 


Chkjaoo, 

11)01. 


Philadelphia, 
1908. 


Boston, 
1900. 


Granite (Dressed Joints) 
in Portland Cement 


— 


7 





60 


Rubble Stonework in 
Lime Mortar 


5 


— 


5 





Rubble Stonework in 
Cement Mortar 


10 


— 


10 


— 


Brickwork in Lime • 
Mortar 


8 


6* 


8 


8 


Brickwork in Cement 
Mortar 


15 


9 


15 


15 


Concrete, Portland 
Cement 


16 


4 


16 





Hardwood Piles (Max- 
imum on Head of Pile) 


— 


26 


20 


~ 



The minimum thickness of curtain walls in Chicago is 1 2 
inches, in Philadelphia 13 inches, and in New York 12 inches for 
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the upper 75 feet of wall, and 4 inches thicker for each 60 feet 
below. The New York law allows curtain walls to be built be- 
tween piers or steel columns and not supported on steel girders, 
provided the thickness is 12 inches for the upper 60 feet and 4 
inches thicker for each 60 feet below. 

Wind Pressure. The Philadelphia law requires 30 pounds 
per square foot to be calculated on exposed surfaces of isolated 
buildings ; on office buildings 25 pounds per square foot at the 10th 
floors, and 2^ pounds less for each stoiy below and 2^ pounds more 
for each story above, up to a maximum of 35 pounds. 

The combined stress in columns resulting from direct ver- 
tical loads and the bending due to the above wind pressures is 
allowed to be 30 per cent above that for simply direct loading by 
the Philadelphia law, and 50 per cent by the New York law. 

• In New York no allowance for wind is required if the build- 
ing is under 150 feet high, and this height does not exceed four 
times the average width of base. For buildings other than as above, 
So pounds per square foot of wind pressure from the ground to the 
top is required. The overturning moment of the wind is not 
allowed to be more than 75 per cent of tlie moment of stability of 
the structure. 

Reduction in Live Load on Columns, Qirders and Foun- 
dations. The Philadelphia law allows the live loads used in calcu- 
lation of columns, girders and foundations for all but manufacturing 
and storage buildings, to be reduced by the following formula : 

^ = 100— ii/A"; 

and for light manufacturing buildings, by 

=^ = 100-|»/A", 

where x = the percentage of live load to be used, and A = the 
area supported. 

The New York law requires the full live load of roof and top 
floor, but allows a reduction in each succeeding lower floor of 5 per 
cent until this reduction- amounts to 50 per cent of the live load ; 
not less than 50 per cent of the live load may be used in the cal- 
culations. ' For foundations not less than 60 per cent of the live 
load may be used. 
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Where the laws limit the height to about 125 feet, the 
requirements as regards fire protection and prevention are in 
general that the floors and roofs shall be constructed of steel 
beams and girders^ between which shall be sprung arches of tile 
or terra cotta or brick, or approved systems of concrete and con- 
crete-steel. All weight-bearing metal of every description shall 
be covered with non-combustible materials, generally terra cotta 
or wire lath and cement. 

In buildings of this height the use of wood for top floors laid 
in wood screeds imbedded in concrete, and of wood for all interior 
finish, is allowed. 

Under the New York City law, buildings above sixteen stories 
are required to have their upper stories constructed entirely with- 
out wood, except that the so-called fireproof wood may be used 
for interior finish. The floors, however, are required to be of tile 
or mosaic or other non-combustible material, the wood top floor 
not being allowed. 

Factor of Safety. The foregoing values represent the work- 
ing values of unit-stresses. They are in all cases a certain percent- 
age of the strains under which rupture would occur. This 
percentage varies with the dififerent classes of material and the 
different classes of structure. The quotient of the breaking strain 
divided by the allowable or safe working strain is called the " factor 
of safety." 

Steel and wrought iron used in ordinary building construction 
have generally a factor of safety of 4 ; timber, generally from 6 to 
8; cast iron, from 6 to 10 ; stone from 10 to 15. 

One reason for this variation in factors of safety for different 
materials is that certain materials vary more than others in their 
internal structure; and accordingly in some cases .there is a greater 
likelihood than in others, of an individual piece being below the 
average strength. Other reasons are found in the varying effects 
of time. Changes in internal structure are likely to occur in the 
lapse of years; and there is the further liability that through 
ignorance or carelessness the structure may be put to uses for 
which it was never designed. 

All these conditions make it unwise from the standpoint of 
safety to use working stresses very near the breaking strains. 
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Steel is less subject to variation than other materials. Timber 
has knots, shakes, diy rot, and other defects not readily discerned, 
which may greatly reduce its strength below the average. Cast 
iron has blow-holes, cracks, flaws, internal strains, and unequally 
distributed metal, which are of frequent occurrence and very 




5a 5 em en t Plan 

F,g 40 ' 

likely to escape detection. Stone has seams, crack , flaws, and a 
structure not uniform, all causing uncertainty and variations in 
the strength of individual pieces. 

THE STEEL FRAME- 

The problems to be met with in laying out the steel frame 
and designing the different elements are never twice the same but, 
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UNION BANK BUILDING. WINNIPEG, MANITOBA, CANADA 

Tlew taken July 2, 1904, nine months after work of excavation was started. Work is being doj 
on upper and lower floors at the sattie time. See also illustrations on page 42. ^ 
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UNION BANK BUILDING. WINNIPEG, MANITOBA, CANADA 

Darling & Pearson, Architects, Toronto; E. C. & R. M. Shankland, Engineers, Chicago 

View taken Julj 20, 1904, ten months after the work of excavation was started. 

See also page 42. 
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vary with each special case. Different classes of buildings give 
rise to different problems. Some of the problems that naturally 
arise can best be explained by going in detail through the process 
of framing the office building of which plans are given in Figs. 40 
to 45. 




Fir^t Floor Plan 
Fig. 41. 



In a building of this character, and in all buildings where the 
interior arrangement is a feature, the designer of the steel frame 
must base his work on the architect's layout. For this purpose it 
is most convenient, in making the preliminary study and provisional 
framing plans, to use tracing paper, which can be placed over the 
architect's plans, and thus show the position of all partitions, ducts, 
etc. 



50 



Digitized by 



Google 



52 



STEEL CONSTRUCTION 



Position of Columns. The first step is the location of 
columns. These should always come in partitions, unless there is 
a large hall or like arrangement in which the columns form a 
feature. The position of the columns fixes, of course, the spans of 
beams and girders. A stiffer frame will result if the beams run 




Typical Floor Plan. 

Fig, 42. 

transverse to the longest dimension of the building. Tlie girder 
spans should also be shorter than the beam spans, as otherwise 
excessive depth of girders will be required. In general, therefore, 
the shortest spacing of columns should be in the direction of the 
longest dimension of the building. The length of this space will 
be limited also by the allowable depth of floor system. For an 
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office building like the one in question, it is not desirable to use 
beams or girders over 12 inches deep, if possible to avoid it. 
With the above points in mind, we shall see what application can 
be made in this case. 




O 5 to IS to tS 



Frsf Floor Franw^- 



Columns cannot be located by a study of one floor plan alone, 
for the arrangement of rooms may vary from floor to floor so as to 
result in columns interfering with doorways or not coming in par- 
titions in certain floors, though being well adapted to the condi- 
tions of some one floor. The natural method, therefore, is to take 
the typical floor plan, and then adapt the locations indicated 
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therein to tlie conditions on the other floors. Figs. 40, 41 and 
42 show respectively the basement, first floor, and typical floor 
plans of an office building ; and Figs. 43, 43A, and 44 show 
respectively the framing plans of the first and second floors and 
typical floor. 




Q i 10 ts 

LLI U L _r4- — t - - 



Second Floor Framing. 
Fig43A 



As will be seen, the lot is approximately of the same dimen- 
sions on each side. There is only one right angle, however, and 
one side has two very obtuse angles. The interior arrangement of 
the typical floor shows a line of offices on three sides, with corn- 
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dors parallel on these sides, and an interior court. The effect of 
this court is to divide the building into sections whose longest 
dimensions are parallel to the exposed walls. 

As before noted, it is an advantage for the sake of stiffness to 
have the girders run parallel with the long sides. It is further an 
advantage, and generally necessary, to have the girders of shorter 
span than the beams, and to have them come in partitions, as 
otherwise they would drop below the ceiling or necessitate a deep 
floor system. The first step, therefore, is to see whether the col- 
umns can be so placed as to meet all of these requirements. In 
the present instance it will be seen that in general this can be done 
by placing the columns at the intersections of office and corridor 
partitions or walls. This is, moreover, a desirable location for the 
columns, because with the thin partitions used in offices, a column 
cannot be fireproofed without exceeding the thickness of partitions, 
and it is not desirable to have a large column casing in the middle 
of a partition. 

The next point to fix is the exact position of the column cen- 
ter with relation to the partitions and the direction of the column 
web. . The corridor side should finish flush with the corridor par- 
tition, leaving the necessary casing to come in the offices. There- 
fore the center must come a little inside of the center of the corri- 
dor partition, and coincident with the center of the cross partition* 
As the greatest dimension of the column is generally in the direc- 
tion of the web, it will be necessary to set this in less if the web 
runs parallel with the corridor partitions and with the girders. 
This is generally the best arrangement also for the framing for, in 
the upper sections of columns, the distance between the flanges of 
the columns might not be sufficient to allow the girder to frame 
into the web, while the beams, having a smaller flange, would take 
less room. An exception to the above consideration would be the 
case of double-beam girders, as will be explained later. 

The location and position of the main interior columns having 
thus been fixed, the next thing is to locate any columns whose 
position is dependent on special features. 

3n this case, the corridor arrangement along the side E F at 
the end near D E makes it necessary to place this column out of 
the line of the others. On this account and to avoid excessive 
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loads on the girder framing into this column, an extra column is 
put in the partition between toilet and vent at this end. 

In the exterior walls, columns of course have to be placed at 
each comer and also at the angles in the side A B C D. The other 




«« 

^ 



Typical Floor Framing. 
r,g44 



exterior columns naturally are placed at the intersections of office 
partitions with exterior walls, because here the piers in the walk 
will be the widest. The distance from the ashlar line to the cen- 
ter of wall columns will vary in accordance with the architectural 
details. There should never be less than four inches of masonry 
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outside of the extreme corner of column, and, if possible, there 
should be more. 

Better protection is given the steel if the web is paraUel with 
the face of the wall. Where the spandrel beams and lintels are 
very eccentric, however, this position results in an uneconomical 
section, since the weakest axis of the column is thus exposed to 
the greatest bending. Some designers, however, prefer to sacrifice 
economy in this regard to more efficient protection of the metal. 

The columns thus having been placed according to the arrange- 
ment of the typical floor plan, the next step is to see if any 
changes are necessary to suit the conditions of the floors that differ 
from this plan, namely, the basement and the fii-st floor. From a 
glance at the plan of the first floor, it will be seen that two of the 
columns come down'in the main entrance in such position as to 
obstruct the passageway. It would be possible to change the posi- 
tion of these columns and make them conform to the first floor 
partitions. The results in the floors above, however, would not be 
so good, and therefore additional columns will be pi-ovided, sup- 
porting girders at the second-floor level to carry the columns above. 
A similar provision must be made for the wall column over the 
entrance. 

The position of the columns thus having been determined, 
the girders follow by joining the centers of columns. The spacing 
of the beams will be determined largely by the system of floor 
arch to be used, except that, unless entirely impossible, a beam 
should come at each column in order to give lateral stiffness to the 
frame. If a terra cotta arch is to be used, the spacing should not 
be much over six feet at the maximum, and an arrangement such 
as shown would result. If a system of concrete arches is to be 
adopted, in which spans of eight or nine feet can be safely used, 
the beams between the two lines of girders on each side of the 
corridors may be omitted. 

Certain other points should be noted in regard to this framing 
plan, as follows : 

Columns should not be put at the front of elevators, as tbcy cannot be 
fireproofed without interfering with the clear space of shaft. 

Beams, if possible, should always be framed at right angles to girders, 
as oblique connections are expensive. 
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Beams should not frame off center of column if a little change in either 
column or beam can obviate it. 

Columns on adjacent and parallel lines should, as far as possible, be 
opposite each other; that is, a beam framed to the center of one column 
should also meet the center of the next line of columns. 

Spacing and spans of beams should be such as to develop their full 
strength. 

Fig. 45 shows the wall sections and the resulting spandrel 
sections and wall girders. Not all the points that arise in such a 
framing can here be brought out; but from the foregoing the gen 
eral method of treatment of such problems should be clear. 

In buildings of a different cliaracter, many diflfereiit and oftec 
more complex conditions will arise. The student, however, must 
always bear in mind that it is the duty of the designer to grasp 
fully the architect's details, and so to arrange his framing as to 
conform in all respects thereto, unless such details can themselves 
be changed more readily and to better advantage. It is essential 
for the designer to see not only what has already been determined, 
but what details will result when certain features are fully worked 
out ; and in all his work the economy of design and framing, and 
the efficiency of the framework, should be kept constantly in mind. 

The framing shown for this building is more especiiilly 
designed for concrete floor arches. In cases where terra cotta 
arches are used, a somewhat different aiTangement of columns 
would probably be made. 

In the framing of floors and roofs, it is not always advisable 
to use the exact sizes and weights of beams that are theoretically 
required ; there are often a number of practical considerations 
affecting the determination. As previously stated, standard sizes 
and weights should be used wherever pmcticable, as ordinarily 
these sizes are much more readily obtainable than othei-s. If the 
general fmming consists of standard sizes, and a few beams are so 
loaded jus to require special sizes and weights, some change should 
if possible be made to avoid this, as to insist on the furnishing of 
a few beams of odd weights might cause serious delay in the 
delivery. In certain cases where it is of special advantage to make 
nearly all the beams of special weights, arrangements might be 
made for the delivery, provided the tonnage is large. 

Beams, as far as possible, should be of the same size through- 
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out a given floor, since for a level ceiling different depths of beam 
would require furring, or extra filling, or special arches. Where 
girders of short span carry the ends of heavy beams or girders, it 
is sometimes nece^ary to use an uneconomical section in order to 
get a sufficient connection. For instance, a 10-inch beam might 
be strong enough to carry a 15-inch beam; but the connection 
could not be made to a 10-inch beam, and therefore a larger sized 
beam or channel should be used. In general the girder should be 
of the same depth as the beam, or nearly so, unless the beam rests 
on top of the girder or is hung below it. 

In some cases also — generally where small beams are used — 
the standard end connections are not sufficient, and it may be 
necessary to use larger sizes. 

Other special conditions of framing are likely to arise, affect- 
ing the determination of sizes, so that the designer, in laying out 
the framing, should keep in mind the feasibility of making proper 
connections for framing the different parts. 

When very heavy loads are carried by beams of short span, it 
is necessary to use a section that will have sufficient web area to 
prevent buckling. In such cases, the sizes of beams may be deter- 
mined by this condition rather than by the bending moment caused 
by the loads. The tendency to cripple is greatest at the ends, and 
in order to determine the allowable fiber strain, a modification of 
the column formula as given below is applicable. The total shear 
should be considered to be carried by the web, and the combination of 
horizontal and vertical shear is equivalent to tension and compres- 
sion forces acting at an angle of 45*^ with the axis of beam. The 
unsupported length in the formula, therefore, is the length between 
fillets on a line making 45° with the axis of beam. 

Tie Rods. Tie rods should be spaced at distances not greater 
than twenty times the width of flange of floor beams. 

The size of tie rods is generally | inch diameter. An approxi- 
mate determination of the required size can be made by use of the 
following formula giving the thrust from floor arches : 

^_3WI^ 

where T = thrust in pounds per linear foot of arch, 
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W = load per square foot on arch, 

L = span of arch in feet, 

R = rise (in inches) of segmental arch, or effective depth of 
flat arck* 

The spacing of the tie rods being known, the total strain on 
the rods is the thrust, as above, multiplied by the spacing. Divid- 
ing this by the safe fiber strain of 15,000 lbs. per square inch, 
gives the net area of rods, or the area at the root of threads, and 
tJius determines the diameter of the required rod. 

The spacing of tie rods is generally determined by providing 
one or more lines dividing into equal spacing the length of beams 
between connections or walLs. The number of lines is determined 
by the necessity of keeping the thrust within the capacity of a cer- 
tain size rod, or by the limit of twenty times the flange width. 

FIREPROOF AND FIRE- RESISTING 
MATERIALS. 

The functions of fire-resisting materials are threefold : 

1. To carry loads. 

2. To protect all structural steel, 

3. To serve as noncombustible partitions or barriers. 

The specific uses are, in general, the following : 

1. Floor and Roof Arches. 

2. Ceilings. 

3. Partitions. 

4. Protection for flanges and webs of beams and girder^* 

5. Protection of columns, doors, and shutters. 

Fireproof materials, as generally used at the present time, 
comprise burnt clay in various forms, concrete, and plaster. 

Fire-resisting materials, in general, comprise specially treated 
wood, certain kinds of paint, asbestos paper or other special kinds 
of paper, and metal-covered wood. 

*KoTE. By '* effective depth of fiat arch" is meant the depth from 
top of arch .to bottom of beam. 
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FLOOR AND ROOF ARCHES. 

Terra Cotta Floor and Roof Arches. Burnt-clay products 
include brick, porous tile, and hard or dense tile. The latter two 
are commonly called terra cotta. 
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The use of brick for arches between beams has, in building 
construction at leiist, become Jilmost entirely obsolete. This is due 
largely to the saving in weight accomplished by the use of other 
materials. 

When brick arches are used, the construction is generally of 
the type shown by Plate II, Fig. 50. There is a patented system 
employing brick, which is known as the Rapp system. The bricks 
here do not form a self-supporting arch, but are laid flat between 
metal ribs or bars that spring between the steel beams. 

The use of burnt clay products in fireproof floor and roof 
arches and coverings of steel, is confined fvlmost exclusively to 
terra cotta, and this is genendly of the porous type. 

Porous teri-a cotta is lighter and less brittle than the hard 
tUe, with probably almost equal strength. It is made by mixing 
straw with the clay, the mass, when burned, being thus left por- 
ous. It also has the advantage that it can be nailed into, this 
being especially important in roof and partition blocks. 

Terra cotta arches were formerly laid up exclusively with the 
ribs running parallel to the beams, this construction being known 
as side construction. Tests have shown, however, that the arch 
is stronger when laid with the ribs at right angles to the beams ; 
and this practice, which is known as end construction, is now 
generally followed. Figs. 46 and 47 (Plate II) show these two 
constructions. 

An inspection of these cuts will show that the arch consists 
of a key, voussoirs, and skew-back, shaped similarly to the prac- 
tice in masonry arches. It should be noticed that in side construc- 
tion a special-shaped skew-back is required, whioh is not the case 
in end construction. Also notice that the piece protecting the 
flange of the beam is separate from the arch, this being a simpler 
plan than to sliape the skew-back so as to cover the flange. 

The arch is generally two inches lower than the bottom of 
the beam, thus coming flush with the flange piece and giving a 
flush surface for plastering. 

The construction of wood screeds and top flooring shown is 
almost always used, although other forms could Ik a(ioi)ied. The 
filling between the screeds should always be a cement concrete, 
although cinders instead of stone may be used. 
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The method of supporting the centers for these arches is 
shown by Fig. 52. This construction allows the centers to be 
readily removed after the arch has set. 





CENTERS FVR TERRA CUFTA FLOOR ARCH 

The practice, in general, is to set the floor arches, from 
the lower floors up, after the steel frame has been carried several 
stories in advance. Centers used in the lower floors can be used 
in the uj)per floors unless the work progresses very rapidly. 

Roof arches, on account of the pitch of tlie beams, have to be 
furred down to give a level ceiling. Terra cotta blocks may be 
used for this purpose, as shown in Fig. 48. It is, however, quite 
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as common, even where terra cotta floor and roof arches are used, 
to form the furred-down ceilings of small channels or angles 
covered with some form of wire lath. A construction of this sort 
is shown in Fig. 53. 

For ordinary loads it is not usually necessary to calculate the 





Fi^SS 



depth of terra cotta arch required. The spans are kept within 
certain limits, and for such limits the proper depth of arch has 
been well determined. 

The following spans and depths of arches represent the 
Accepted practice: 
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When it is desired to use terra cotta construction for heavy loads, such 
as in stores and warehouses, a segmental arch is used, generally 4 inches or 
6 inches in thickness. The filling above the arch consists of concrete, either 
of stone or cinders. This construction is illustrated in Fig. 49. While 
greater spans are sometimes used, the best practice does not exceed about 
8 feet, and is preferably limited to 6 feet. 

Quastavino Arch. This is a dome or vault system especially 
adapted for long spans where a flat ceiling effect is not essential, 
as in churches, libraries, halls, etc. 

The construction consists of several layers of hard tile one 
inch thick, laid breaking joints. The number of layers varies with 
the conditions, but generally does not exceed four. The rise of 
the dome is ordinarily not great ; and it rests either between walls 
or, in some cases, on heavy girders. The tiles are usually set 
in Portland cement, except that the first course is set in plaster in 
oraer to obtain a quick set and to dispense with a certain amoimt 
of centering. 

This system is almost always installed under a guarantee from 
the company controlling the patents, as to its efficiency and adap- 
tability to the conditions of the special case in hand. 

Concrete«SteeI Floor and Roof Arches. The types of concrete 
and concrete-steel arches are becoming more numerous each day, 
and only a few will here be discussed. They may be separated 
primarily into flat arches and segmental arches. In most of the 
systems of the flat-arch construction, the action is essentially that 
of a beam of concrete in which metal is embedded on the low side 
to increiise the tensile strength, since concrete is not as strong 
in tension as in compression. In a few of the systems, however, 
when special-shaped bars are used iit short intervals, the effect 
is more that of a simple slab of concrete supported by these bare, 
which act as small beams between the main floor beams. 

In the segmental form of concrete construction, the metal, 
where used, is generally intended more as a permanent center for 
forming the arch and for supporting it until the concrete has fully 
set, when the concrete is considered as taking the load independ- 
ently of the steel center. 

Plate III shows types of Expanded Metal Floor Construction. 
Fig. 54 shows System No. 9, which can be adapted to long spans. 
It is not the general type of this form of construction, however, as 
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For Detail of Lower Portion, See Opposite Page. 

Reproduced by Courtesy of the Northwestern Terra- Cotta Company. 



Digitized by 



Google 




Digitized by 



Google 



Digitized by 



Google 



STEEL CONSTRUCTION 



67 



the types shown below are generally considered more economical. In 
calculating the weight of the construction, the arch should be figured 



For Systems Nos. 3 and 6. 

A.B.C.E H. same as for No. 9. A = 

D IP slab of cinder concrete. H = 

K = angles for support of ceiling. C = 

L = expanded metal celling. D = 

M= hangers securing celling angles to E = 

beams. F = 
N = slab of cinder concrete on expanded 

metal, protecting webs of beams. G =s 
= solid concrete haunch protecting 

web of beams. 

H = 

For Sy.stbm No. 7. J = 
A.B.C.D.E. same as for No. 9. 
O = Bclid concrete slab. 



For System No. 9. 
top floor, 
under floor. 

wood screeds or sleepers, 
arch, cinder concrete, 
expanded metal sheet, 
cinder concrete filling around and 

under screeds, 
expanded metal wrapping of flanges 

to receive screened plaster as shown 

at P. 
main floor beam 
tie rods. 

Foil System No. 8. 
.C D.E F G.H. san.e as for No. 9. 

For System No. 4. 
.C D.E.H. same as for No. 9. 







Systcm No5 
FigSS 



SrsreM'NoS 
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separately from the filling al)ove, as the weights of these are different. 
The same remark applies to all systems of concrete construction. 
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Fig. 55 shows System No. 3, with a furred-down ceiling to 
give a level effect. This ceiling is not a necessary part of the 
construction, and is often omitted. The space between ceiling and 
floor slab is available for running of pipes, wires, etc.; and, to avoid 
punching of beams when such use is made of this space, the ceiling 
is dropped below the flanges of beams far enough to allow the 
passage of pipes, wires, etc. 

This SYstemJs the one generally employed for long spans and 
heavy loads, as it gives the most substantial protection to the steel, 
and has certain elements of strength not possessed by the other 
systems, as follows: The haunches, besides protecting the webs 
and flanges of beams, shorten in effect the span of floor slab, and 
stiffen the floor beams against side deflection. The sheets of 
expanded metal can be made in effect continuous over all floor 
beams, and, because of this, the whole construction from wall to 
wall acta together, and has the advantage of a continuous beam 
over a number of supports. While it is impossible to state exactly 
what this advantage amounts to, on account of the uncertainty 
of actual conditions conforming to the theoretical assumption, 
it is probably safe to assume that the strains in the floor slab of a 
construction having this continuous feature would not be more 
than three-quartei-s as much as if the slabs were discontinuous. 
It should be noted in the above system, that if the furred ceiling 
is omitted the lower flanges of the beams are protected in a man- 
ner similar to that shown for System No. 7. 

System No. 5, illustrated by Fig. 56, differs from System 
No. 3 only in the method of protecting tlie beam. As will be seen, 
all the strength afforded by the haunch is lost by this construction, 
and, as will also be seen later from results of tests, the protection 
is much less fireproof. 

Fig. 57 shows System No. 4, which differs from System No. 3 
only in the entire omission of protection to floor beams. This 
system is therefore only semi-fireproof, and in event of fire in the 
story below would not be to any degree fireproof. It is sometimes 
used with a fireproof suspended ceiling, but, as will be noted 
further on, tests of such ceilings have shown them to be of ques- 
tionable value as efficient fire barriers. 

Fig. 58 shows System No. 8. This system is chiefly adapted 
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to light loads on moderately long spjins where the beams are hi 
general not over 8 inches or 9 inches deep. In such cases, where 
a flush' ceiling is desired, it is sometimes more economical than 
some of the other systems with suspended ceiling. 

It has the disadvantage from the standpoint of strength, that 
the load all comes on the lower flanges of beams, and further, that 
all continuous effect of slabs is lost. 

Fig. 59 shows System No 7, really a modification of System 
No. 3, in whicli, in order to save depth, the floor slab is flush with 
the top of the floor beams. 

This system also has the disadvantage of loss of continuous 
effect. In all the above systems, the more common spans are 
from 5 feet to 8 feet. The company controlling the patents, how- 
ever, claim to be able with safety to adapt the construction to 
longer spans, even under heavy loads. 

In these systems, as well {is in all othera where a cinder fillmg 
is used on top of the floor slab, the filling should contain some 
cement, as otherwise the unneutralized cinders are likely to cause 
corrosion of the steel. 

Tiie depth of floor slab varies with the load and the span, but 
is ordinarily 3 inches or 4 inches for loads under 200 lbs. and 
spans of alx)ut 5 feet. 

Plate IV illustrates types of the Roebling system of fireproof 
floors. Fig. 60 shows System A, Type 1, which consists in general 
of a wire center sprung between tlie bottom flanges uf floor beams, 
and upon which is deposited cinder concrete in the form of a seg- 
mental arch whose top Is flush with the top of floor beams. 

The strength of this system is considered to be simply that of 
the concrete arch, the wire center l)eing intendcnl merely for the 
support of the concrete until it has set, and for a permanent center 
upon which plastering may be aj)j)lie(l directly if a level ceiling is 
not desired. This construction, Tyjie 2, is shown in Fig. 01. It 
is further claimed for this wire centering, tliat it facilitates the 
more rapid drying out of the concrete on account of exposing both 
surfaces to the air and allowing the surplus water to drip through. 

Fig. 62 shows System B, Type 1. This is a flat arch con- 
struction in which the steel menibei^ are bai-s spaced generally 
about sixteen inches center to center, the concrete slab being 
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usually 3^ inches thick. The bars are tied transvereely by wire 
rods spaced about 24 inches on centers and serving to keep the 
bars in place. 
Plate IV Types of Roebling System of Floor Construction 



Fob System B. 
A.B.C.H.R.S.K.L same as for Sys. A. 
D = cinder concrete floor slab. 
M :^ flat bar 2" x iy or 2" x\". 
N = solid casing of cinder concrete. 
O —i" X lY flat bar. 



Note:— Items R.K.O apply to Typel only. 
Item L applies to Types 1 and 4 only. 



For System A. 
A = top floor. 
B= under floor. 
(' = wood screeds or sleepers. 
D = cinder concrete arch. 
E = steel rod {{a" or ^q") woven into wire 

lathing. 
J = tie rods. 
If = main floor beams. 
8 = plaster ceiling. 
R= supporting wire. 
K= clamp supporting ceiling. 
L = steel rods woven into wire lathing. 
Note: — Items B.K.L apply to Type 1 only. 
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Fig. 63, Type 2, shows the construction when the suspended 
ceiling is omitted. This suspended ceiling does not always hr-ve 
the bars shown by Fig. 62, but for short spans has simply the wire 
cloth stiffened by rods woven into it. 
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Fig. 64 shows System B, Type 4, in which the floor slab rests 
on the lower flanges, and the cinder filling is flush with the top of 
floor beams. This system makes some saving in depth, but is 
open to certain objections, one being the disadvantage from the 
standpoint of strength of resting the slabs on the bottom flanges, 
and another the absence of all protection or covering for the top 
flanges of beams. 

The practice of the company controlling the patents is to 
deposit the concrete without any tamping such as is ordinarily 
done in tHe other systems. The claim is made that this method 
insures lightnQss and preserves its porosity, being thus rendered 
less subject to the effects of changes of temperature, either of the 
outer air or under exposure to fire and water. 

As will be noted later. Professor Norton advocates tamping of 
concrete to eliminate the possibility of voids, which he shows to 
be always productive of corrosion of the steel. 

Plate V shows types of the Columbian system of fireproof 
floors. This is a flat arch system, in which the action of the floor 
slab is that of a concrete beam with imbedded steel bars. 

No continuous effect such as is had in some of the other 
systems exists in this construction, except as the whole construction 
of girders and their casing may be considered as acting together. 
The connection of the bars to the floor beams, and the concrete 
being finished flush with tops of beams, make the slab, considered 
by itself, discontinuous. 

In the systems previously described, cinder concrete is almost 
invariably employed. In this system, however, the use of stone 
concrete is the prevailing practice. 

The different types vary only in the size and spacing of the 
imbedded bai-s (and consequently in the thickness of the concrete 
slab) and in the connection of these bars to the beams. This con- 
nection is made either by means of small angles bolted to the webs 
of floor beams similarly to regular beam framing, or by means of 
hangers resting on the top flanges of beams. The former construc- 
tion is used only when special stiffness of the frame is required, as 
in high building construction. 

The thickness of slab is geneially 1 J inches more than depth 
of bar. The spacing of bars and of beams varies with the requii^d 
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loads. The different cuts shown (Figs. 65, 66, and 67) give 
reasonable limits. In any case of special loading, however, or of 
spans exceeding 8 feet, tests should be made in accordance with 
the required conditions. 

The explanations given on the plate, in connection with the 
above, should make the construction clear. It is the practice, in 
using this system, to have slots in the brick walls at the level of 
the floor slabs, and the bars and concrete slabs are then imbedded 
in these slots. This gives a good tie for the walls, and obviates 
the necessity of channels against the walls to take the floor con- 
struction. 

In all calculations of the weight of dead loads where this 
system is used, the difference in weight l)etween cinder concrete 
and stone concrete must be noted. 

• Figs. 69 and 70 show the Ransome system of floor construc- 
tion. This is one of the oldest forms of concrete-steel construc- 
tion, and is used in various modified forms to suit different 
conditions. It consists of steel rods imbedded in the tension side 
of the concrete ; these rods run transversely to the beams, and are 
tied longitudinally by other rods. In some forms of this construc- 
tion, steel girders and beams are replaced by deep concrete beams 
with heavy rods imbedded therein, and tied at intervals by 
U-shaped rods. The use of rods in the concrete makes possible 
many varied forms of construction, but special knowledge of the 
subject is required to design such forms properly. 

The use of concrete and concrete-steel arches cannot as yet 
be considered to be very general. They are of comparatively 
recent introduction; and although, in the aggregate, they may 
now be said to be extensively used, there is as yet no one form 
recognized as stiuidard. 

The Buildmg Departments of all cities have required special 
and severe tests of full-sized arches to be made before allowing 
any of the types to be used in construction. Tlieir use is un- 
doubtedly growing, and perhaps more especially in warehouses 
and buildings of heavy construction. There are certain features 
not possessed by any of the conciete systems ; and this fact, prob- 
ably, to a gieat degree explains the more general use of tei^a cotta 
in office buildings. 
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As noted previously, an important feature in buildings not 
having heavy masonry walls is lateral stiffness. This lateral stiflf- 
ness is secured to a considerable degree by the floor construction, 
which serves to tie together all parts of the framing at each floor 
level, and also to distribute the lateral strain throughout the 
whole. 

A floor construction which fills the whole depth of the beams 
is therefore better calculated to perform this function than one 
that is comparatively thin, as are nearly all the concrete systems. 
Another important consideration concerns uniformity of material. 
Porous terra cotta, like brick, is easily inspected, and a nearly 
uniform product can thus be secured. The strength of concrete 
and of concrete steel, however, depends very largely upon the use 
of proper materials and their proper mixing and laying in place. 
Much greater variation is here likely to occur, and consequently a 
greater or less uncertainty as regards uniformity of results must 
exist. Another point to be considered is the necessity of having 
the concrete or concrete^steel system installed by the company 
controlling it, this resulting from the patents covering each form 
of construction. A still further advantage is the flush ceiling 
given by the terra cotta blocks. 

There are, however, numerous points to be cited in favor of 
many of these systems. The general trend of investigation and 
discussion is toward a better understanding of the possibilities of 
concrete steel in general, and this will not unlikely result in the 
future in its more extensive use. 

It is not the general practice of individual designers to calcu- 
late the required depth of slab in the above systems, except in 
the case of unusual loads and spans; but, as in the case of the 
terra cotta systems, tests have largely determined the limits of 
spans for various depths and loads. As concrete arches are used 
for heavy as well as light loads, however, there is need of more 
exact data than is at present available to determine their capacities 
under different conditions. 

It cannot be said to be conservative practice in any of these 
systems, much to exceed eight feet in the span of the arches. 
The uncertainty of the quality of the coneiete when cinders are 
used, and the uncertainty of set in the deeper slabs, together with 
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numerous other circumstances likely to affect the uniformity of 
the product, make it important to keep within this limit. 

As will be seen from the illustrations, nearly all the concrete 
systems require furring down to give level ceiling. 

Tests of Floor and Roof Arches. The most severe test of 
all forms of floor arch is their exposure to fire and water when 
under load. As above stated, one of the functions — and a very 
important one — of all fireproof materials is to protect the steel ; 
for, if the covering falls off, leaving the steel membei-s exposed to 
fire, the steel frame will soon fail. None of the materials used — 
terracotta or concrete in its various forms — are of themselves 

Types of Ransome Floor Construction 
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combustible. Failure, when it occurs, is generally due to expan- 
sion and contraction caused respectively by the intense heat and 
by the chilling effect of tlie stream of water, and to the force of 
the stream knocking off pieces that become loosened. All of the 
systems in general use have been subjected to veiy severe tests of 
this character without collapse, before being accepted by the differ- 
ent Building Departments; and it is probable that when failure 
occurs in actual building fires it is due to constructive defects, 
there having been less careful construction than was used in the 
tests. 
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If only a small portion of the covering becomes detached, the 
whole adjacent construction is seriously endangered. It will be 
seen from the above that failure is more likely to start from de- 
tachment of the covering of beams, girders and columns, than in 
the body of the arch, and such covering should be as substantial 
as possible. For this reason, haunches or a solid filling. protecting 
the beams and girdera are preferable to wire lath wi-apping the 
same. 

Tests by the New York City Building Department on floors 
having suspended ceilings of wire lath and phister, resulted in 
these ceilings being entirely destroyed. Tests of different floor 
systems having rolled shapes, such as T bara or special-shaped 
bars, imbedded in the concrete slabs, showed less deflection under 
loading than when a mesh of wire rods was used. 

The method of testing floor arches is as follows: A brick 
furnace is built, having a large combustion chamber, the top being 
of the floor construction to be tested. This arch is loaded with a 
load generally four times that specified. Measurements of deflec- 
tions due to the stress are taken before and after exposure to the 
fire. During this exposure, which generally hists several hours, a 
temperature of from 2,000° to 2,500® is constantly maintiiined. 
After some time a stream of water from a fire nozzle is played on 
the arch, thus reproducing as nearly as practicable actual condi- 
tions. 

After the test, the load is removed to see how great the per- 
manent deflection is. It is important in all loading tests to have 
the load applied over a definite area, so that the exact load per 
square foot can be determined, and to avoid all possibility of any 
portion of the load bearing on tlie beams instead of on the arch. 

The results of some testa made under different conditions are 
here given : 

A fire and water test on a concrete expanded metal floor 
composed of 6^- inches of concrete mixed in the proportion of 1 
part Portland cement, 2 parts sand, and 5 parts cinders, showed 
the following results : 

The slab was of a type similar to that shown in Fig. 55, the 
beams being 20-inch beams and spaced about 12 feet center to 
neuter, with the span of the beams about 17 feet 9 inches. 
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The slab of concrete was loaded with 400 lbs. per square foot, 
under which it deflected .30 inch. Under exposure to fire the 
deflection increased to 2^ inches, and when the test was completed 
remained about 3 1 inches. 

A portion of the under side of the concrete \.^s knocked off 
by the stream of water. 

A test under practically the same conditions as above was 
made of the Columbian system. The type was of the general form 
shown by Figs. 65 to 67. The spans were the same as above. The 
slab was S^ inches in depth, composed of 1 part Portland cement, 
2^ parts sand, and 5 parts broken stone. The bars were 6-inch 
bars, spaced 2 feet center to center, and fastened to the beams by 
angles. 

A portion of the girder covering consisted of mackite blocks 
plastered, another portion consisting of 2-inch cinder concrete, the 
latter being the regular construction. There were also two 8-inch 
I-beams set up, one covered with cinder concrete to 9 inches X 
13 inches; the other covered with hollow bricks to 12 inches X 
16 inches, giving 4 inches covering. 

The floor was first loaded with 1,000 lbs. per square foot, 
under which it deflected | inch. The load was then reduced to 
400 lbs. per square foot, and the" fire test commenced. This lasted 
for two and one-quarter hours at a maximum temperature of 1,700°. 
A stream of water was then applied for 4^ minutes, and afterwards 
another fire test given of 38 minutes and a second stream of water 
applied. The floor, at the end of the test, showed a deflection of 
IJ inches. The cinder concrete beam and column coverings were 
not materially damaged. The mackite covering was entirely 
stripped off, and the hollow brick column covering badly danuiged. 
No apparent injury occurred in the floor slab. After this test the 
floor was loaded up to 1,650 lbs. per square foot, at which point 
the walls of the test house made it necessary to stop. The net 
deflection under this load was 1| inches. A few cracks appeared 
in the ceiling under this load, most of them being parallel to the 
bars.* 

Numerous other tests of expanded metal floors on shorter 



•Note, A detailed report of these tests is given in Engineering News, 
June 27, and Xovember21, 1901. 
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spans have shown satisfactory results. For spans up to 8 feet and 
loads under 200 lbs. per square foot, which are the ordinary condi- 
tions, the cinder concrete shows safe results. Beyond these limits 
special tests should be made in each case. 

A valuable review of the effects of a practical fire test on 
terra cotta and concrete floor construction, is given in the discussion 
bearing on the fire that occurred in the Home Building, Pittsburg, 
Penn., May 3, 1897, which was published in Etujineering News, 
May 20 and 27, and July 1 and 15, in that year. An account 
of a second fire which occurred on April 7, 1900, is published 
in the same periodical under dates of April 12 and April 26, 
1900. 

The New York Building Department conducted a test on 
three arches of the Guastavino type, eacli 3 feet in length. The 
spans were 6 feet, 10 feet, and 12 feet. The 6-foot span was 
composed of 2 courses of tile, making a thickness of 2^ inches ; 
the 10-foot span, of four courses, giving 5 inches thickness; and 
the 12-foot span, of three courses, with a total thickness of 3| 
inches. All were leveled up with concrete. The 6-foot span 
carried 2,500 lbs. per square foot, and showed a maximum deflec- 
tion of .13 inch. The 10-foot span carried 3,600 lbs. per square 
foot, with a deflection of .19 inch. The 12-foot span carried 3,125 
lbs. per square foot, with a maximum deflection of .32 inch. 

This was a simple loading test with no application of fire and 
water. 

Tests of porous terra cotta hollow tile arches have not been 
so numerous, especially under fire exposure. Table XIII gives 
the results of a series of tests to determine breaking loads of differ- 
ent arches, and is taken from the " Transactions " of the American 
Society of Civil Engineers, Nos. XXXIV and XXXV, of 1895 
and 1896. 

In terra cotta arches as in concrete arches, great variations in 
strength will result from varying degrees of thoroughness in con- 
struction. These arches should always be set in cement and care- 
fully keyed, and the use of broken blocks should be avoided. 
Settlement in arches of this type often results in cracks in tile or 
mosaic floors. 
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TABLE XIII. 
BreaidaB UmiU ot Hollow Tile Archea. 



ink. 



BiM 



lat. 



e. 

7.6 

7.6 

7.6 

& 

& 
18. 
18. 
12. 
12. 
12. 

& 

8. 

& 

a 

& 
& 

a 

a 

a 

la 

m 



III. 



a6 

6. 
6. 
6. 
7. 
7. 
10. 

a7& 

9. 

9. 

9.6 

6.6 

6. 

a 

6. 

6. 

6.6 

6.6 

6.6 

6.6 

7.6 

a 



Spta. 



lagik. 



lu. 



Isa, 



4a 

11.6 
35.2 



41. 

la 

10. 

lOi 

10. 

11.6 

11.5 



12. 

la 

la 

24. 
24. 

sa 

87. 



Tbtd 
btd. 



iMi 



Ibi. 



18750 

9000 

11250 

18000 

14600 

16750 

16400 

8100 

6000 

16100 

2600 

2600 

1800 

10000 

6700 

8600 

10000 

2600 

9950 

2500 

13500 

145001 



Iba. 



TMd 
lori- 
KmUl 
Tknik 



Lbi. 



68829474 
245210867 
83750 



31071 

33750 

24600 

5314 



12583 



681 



700 
2000 



amtal 
nrut 
pwR. 

of 
inh. 



BUCDL 



2614 
1463 

26000 
8550 
5250 

13636 
6818 

13568 



90013500 
940113594 



7369 E 

10818 « 

11505 " 
(I 

II 
II 
II 
II 
II 
II 
II 
S 



9747 

10588 

7200 

6877 

10000 

15100 

4736 

2727 



2860 
6250 



6818 
6784 



4500 
4408 



Hard 

H 

(I 

Porous I 

Hard 
(( 
11 
(( 
(f 
(( 



GbrMkr 

of 

iMd. 



Dis. 
<c 

Cen, 

u 

(I 
i« 
it 



JoSSf 



Port. 

No M. 

Port. 
<( 

C( 

u 

(C 



u 


N.M. 


a 


a 


Dis. 


M 


Cen. 


...... 


Dis. 


N.M. 


a 


M 


Cen. 


Port 


Dis. 


u 


(( 


N.M. 


u 


«c 


Cen. 


H 


Dis. 


(C 


Cen. 


If 


Dis. 


Port 


(( 





In the above table the following abbreviations are used: **E" — end 
construction; *'S" — side construction; **H" — hard clay; "Porous" — 
porous terra cotta ; "Dis." — distributed load ; **Cen." — concentrated loa** 
at center; **Port." — Portland cement; '* N. M." — no mortar. 

The loads per square foot in the above table were obtained by dividin, 
the total load by the superficial area of the arch in square feet. The hori 
zontal thrusts were obtained by the regular formulae; for central loads thes* 
are double the thrusts for distributed loads of the same weight. 

• 

SELECTION OF SYST^. 

Not any single system, probably, would be used in all cases 
even if the designer were to choose without any conditions affect 
ing his selection. Some systems are naturally better adapted thjm 
others to certain conditions. Practically there are always a num- 
ber of considerations affecting the choice. No attempt will be 
made here to specify to what conditions certain systems are better 
adapted than others, as this is largely a matter of judgment at the 
present time. The considerations in general, however, are as 
follows : 

Light or heavy live loads ; dead weight of construction, and con- 
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sequent spacing of beams and span of arches ; necessity of lateral 
stiffness in floor system ; possibility of using paneled ceiling, and 
consequent increase of clear height story between beams ; necessity 
of flush ceiling, and comparative advantage of solid floor system 
and furred-down ceiling ; protection afforded webs and flanges of 
beams and girders by different systems ; possibility of omitting tie 
rods and a certain amount of steel in some systems ; corrosive 
effects on steel under certain conditions ; rapidity of construction, 
and allowance for final setting of concrete under certain conditions 
of weather and of heavy loadings ; and comparative cost of differ- 
ent systems. 

The weights of hollow-tile floor arches and fireproof materials, in 
pounds per square foot, are given in the following table : 



TABLE XIV. 

Weights of tlollow-Tile Floor Arches and Fireproof riaterlalf . 

UND CONSTRUCTION, FLAT AKCH. 



WidUi of Span Between Beami. 


])epth of iroh. 


H^hiV^^^foiA. 


6 feet to 6 feet. 


8 inches. 


27potmds. 


6 " 7 " 


9 « 


29 " 


7 " 8 " 


10 " 


88 " 


8 " 9 " 


12 « 


88 « 



HOLLOW BUICK FOB FLAT AKCHES. 



Widt^ 


«f8Ma 


BatweeaBeuna. 


Depth of irch. 


Weight pirSqiuni root 


8 feet 6 inches to 4 feet inches. 


6 inches. 


27 pounds. 


4 « 


II 


4 1. e " 


7 " 


29 


u 


4 " 6 


II 


6 " " 


8 " 


82 


(( - 


6 " 6 


11 


6 " " 


9 " 


86 


(1 


6 " 


II 


6 " 6 " 


10 " 


89 


II 


6 " 6 


II 


7 " « 


It M 


44 


II 



PARTITIONS. 





ThickDoas. 


Weight per Sqiure Foot 


Hollow Brick (Clay) Partitions 


2 inches. 


11 pounds. 


U U U il 


8 


44 


14 


II 


It M 41 M 


4 


u 


15 


II 


41 II 44 II 


5 


41 


19 


41 


•4 14 41 44 


6 


41 


20 


44 


U 44 II 41 


8 


II 


27 


44 


Porous Terra-Cotta Partitions 


8 


II 


16 


U 


41 44 II W 


4 


44 


19 


u 


44 M 14 II 


5 


II 


22 


U 


41 41 44 41 


6 


44 


28 


44 


41 II 44 14 


8 


41 


88 


44 



88 
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PARTITIONS — (Concluded). 





THioknMB. 


Vfl«ktptf8tiurePMt. 


Porous Terra-Cotta Furring 


2 inches. 


8 pounds. 


M " 


« Roofing 


2 


II 


12 " 


M ti 


II II 


8 


II 




li i( 


M II 


4 


II 


19 '* 


M M 


" Ceiling 


2 


11 


11 '* 


a « 


II II 


8 


II 




•1 u 


11 M 


4 


II 


19 '' 



6 inch Segmental Arches, 27 pound^s per square foot. 

g. II II M 88 " " " " 

2 inch Porous Tcrra-Cotto Partition, 8 pounds per square foot 

The following table shows the safe loads in pounds per square 
foot uniformly distributed for hollow-tile floor arches. 

TABLE XV. 

Safe Loads Unlformty Distributed for Hollow^TIU Arches. 

ft . - 



VfllBilttl 

Bipth. 


lff«etiT6 

Deptlu 

R 




SptturiMhiAFtot-I 


1 




Indiat. 


Inehfli. 


8 


4 


5 


6 


7 


8 


6 


8.6 
4.6 
6.6 
6.6 
7.6 
9.6 


836 
429 
523 
616 
709 
896 


189 
242 
294 
847 
899 
504 


121 


131 


113 




7 

8 


165 
188 
222 
255 
823 




9 


154 
177 
224 




10 


130 
165 


100 


12 


126 



Gross loads in pounds per square foot, i. c, including weight of arch. Safety 
factor 6. 





tffectirt 
Bopth. 


Weight 
ofirok 




BpaitfiidiiBPNt-Lw 


R 


SqurnVtot 






' ImU. 


Inchfli. 


Poitnds. 


8 


4 


5 


6 


t 


8 




8.6 


zr 


309 


162 


94 










4.6 


29 


400 


218 


126 










5.6 


82 


481 


262 


156 


99 








6.6 


86 


580 


811 


186 


118 


77 




10 


7.6 


89 


670 


860 


216 


136 


91 


61 


12 


9.6 


44 


852 


460 


279 


180 


121 


82 



Net loads In pounds per square foot, i. e.. excluding weight of arch. Safety factor, 6 . 
The formula for safe load used in computing the above table is as 
follows : 

R 



W = 840 



L2 



In which 

W = Safe load per square foot of arch in pounds. 

R = Rise or effective depth of arch in inches. 
;«: . L s= Span of arch in feet. 
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In the following table are given, in pounds per square foot, 
the weights of various materials used in floor and roof construction \ 

TABLB XVI. 
* Weights of Materials in Floor aod Roof Construction. 



SUBSTANCE 



Corrugated galvanized iron, No. 20 

Copper, 16-oz. — Standing seam 

Glass, { incli thick 

Cinder-concrete filling, 2-inch, including screeds 

Plaster, on wood lath (no furring) 

Plaster, on metal lath (no furring) 

Plaster ceiling, suspended 

Kooflng felt, 2 layers 

Slate, i inch thick, 3 inches double lap 

Shingles, ^ to weather 

Gravel composition roof, 5 ply 

Tin, 1 X 

Tiles, 6} in. X 10} in. — 5J in. to weather (plain) 

Tiles, lOJ in. X 14J in. — 7^ in. to weather (Spanish) 

Trusses — Spans under 50 feet 

Trusses — Spans 60 to 76 feet 

Trusses — Spans 76 to 100 feet 



AVERAGB WBIGHT IN 

POUNDS 

PER SgUAUB FOOT. 



^ 

H 

12 

6 to 8 
8tul0 

15 to 20 
i 

Otoll 

17 
9 

3ito4| 
44 to 6} 
ej to 8 



PARTITIONS. 

Partitions are of terra cotta, wire lath and plaster, and plaster 
board. 

Illustrations of each are given by Plate VI, Figs. 71 to 77. 
The element of strength does not form a specially important con* 
sideration here, as the standard forms are all suitable. The higher 
the partition the thicker sliould be the blocks or the heavier the 
metal frame of the partition. Some of the forms are more sound- 
proof than others and probably more fireproof, but the use of any 
one is generally determined by architectural conditions. The terra 
cotta blocks come in standard sizes given by the table below, which 
also gives the dead weight per square foot. The constructiong 
around openings in partitions, for the different types of partition^ 
are also shown by the above-mentioned cuts. 

Partitions are never as fireproof as the floor system in a build- 
ing. If a form of construction could be used which would prevent 
the spread of fire throu^^h partitions, the modern office building 
would probably be in truth absolutely, instead of merely in name^ 
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CLUB-HOUSE OF THE CHICAGO ATHLETIC CLUB, CHICAGO, ILL. 

Henry Ives Cobb, Architect. 

To the Left Is the Gage Building, Louis H. Sullivan, Architect 
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Plate VI 



I'sfse/nxf, 



Types of Fireproof PartMon Construction 

_,_,4_, 3. ^i/'xi■"ct -^^ rou^ frame. 



5»-|««CfiCa«WJ«V*-«jtfW3*«m«WD«J« ^«« J5e«P»te i?ri 



■r,'-wiA«»*««Btfw'^rTW5»tii£wwf» : 



m:mmmmimimm!m^m^mm^^^ 



^amaMiOMMB«)«iflA3H»vH:(^;9!*;na^^ 






/Vf /S Go/- kV/rr i- acfrto. 



Peg 71 



d'j^a:^^£.^ 



ROEBLING 4 IN. \A/IRE LATH SOLID PARTITION 



\|.lUtlJLiinLlML<lL'uJi.li[i<ill«l.iJJJJW«« 



rurrinq for tasftnarti .->. ^^^ I 



r//y for Ijosetoant .-> 



JfapJp 






ROEBLING 2I^4. WRE LATH 50LID PARTITION 




F.g73. 
COLUMBIAN 'partition. 



Cement /^osteK^ 

2" Chonne/* 



•Y^ 


''^fV'j 


^Ai 






fci 


!^^^ 






!M^S^ 



Momontaf \5ecffOff. 

PILASTER C0MP06rnON BLCXK FARTITION. 



Cemefrf /"fasHrx 









^375 

PLASTER CDhPOSmON 
BLOCK FWTITIOM 



Hor/zo/rfa/ ^ecfton 

Fig75 

EXPANDED METAL R^RTITION 



^V«>Mtr^/>Mft^^ 




CEMENT COPOSrriON 
BLCXK FARTITIOM 



fireproof. The great cause of the weakness of fire resistance lies 
not in the partitions themselves so much as in the fact that open- 
ings for doors, windows, flues, etc., have to be made in them. The 
arrangement in a great many buildings makes it necessary, in order 
to give light in the corridors, to have a line of windows in the 
partitions between them and the oflBces. In addition there are the 
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doors into the corridors, and the doors and sometimes windows in 
partitions between offices. 

As stated under "Building Laws and Specifications," some 
cities require in buUdings of a certain height the use of metal or of 
firepioof wood for all inside casings and finish, but in the majority 
of buildings these are not used. Sometimes, also, where plaster and 
wire lath partitions are used, the plaster does not extend to the floor, 
and the baseboard has therefore no fireproof protection back of it. 

All these features indicate the real elements of weakness in a 
fireproof partition, and on the extent to which they can be elim- 
inated depends the utility of the partition as a fire barrier. As 
will be shown later under the paragraphs on tests, there are a 
number of forms of partition that can be used, which, if without 
openings and the other features mentioned above, will form effec- 
tual barriers. The extent to which fireproof wood and metal over- 
come the difficulties will be discussed farther on. 

Tests of Partitions. Numerous fire and water tests of 
partitions have been made by the New York Building Department. 
The partitions were of four general classes : — (1) plaster blocks ; 
(2) blocks of cinder concrete ; (3) wire lath plastered with King's 
Windsor cement ; (4) blocks of terra cotta. The partitions were 
2^ inches and 8 inches thick. All were exposed to as nearly the 
same conditions as possible, which were : — a temperature gradually 
increasing from 500° to 1,700° during a period of one hour, and 
then a stream of water applied for 2^ minutes. Fire in no case 
passed through any of the structures ; but in the case of most 
of the plaster block partitions the blocks were calcined slightly in 
certain places, and the water had washed portions away to a depth 
of I inch to 1^ inches. 

The wire lath partitions did not show calcination, but showed 
to a greater or less extent the effect of the water in the washing 
away in spots of the browning coat and scratch coat, and, in some 
instances, in exposure of the lath or metal suppoils. 

The cinder-concrete blocks showed no effect of either fire or 
water, except that the plaster on the blocks was stripped off. 

The terra cotta blocks stood much the same as the concrete, 
no effect appearing in the partitions themselves, but the plaster 
being stripped off. 
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The chief differences, therefore, seemed to appear in the capac- 
ities of the various types of partition to witlistand the force of 
water. Those partitions having a harder and less porous structure 
stood much the best. 

From a consideration of the above tests, it will be seen that 
some forms of partition, under certain conditions of exposure in 
case of fire, will prove to be more difficult than others to repair, 
even though they may not entirely fail. Plaster, constituting the 
finish surface, could not be expected to stand, and does not in 
a severe fire; the expense, therefore, of this item in the repair 
would be essentially the same in all forms of partition. 

With some of the plaster board partitions in which the blocks 
were hollow, the calcination and the stream of water broke through 
the outer shell, leaving the cells exposed. In such cases it would 
probably be necessary to provide new blocks, as the old ones could 
not well be repaired. In the solid plaster board blocks the wear, 
if not more than | inch, could probably be repaired by hard plas- 
ter, so that, although not being as good as it was originally, the 
partition, in case of another fire, would still be considered reason- 
ably safe. 

The wire lath partitions cannot be considered fireproof until 
they are plastered. Here, accordingly, the plaster forms an essen- 
tial feature of the partition ; and in case of any considerable 
portion of this being destroyed and exposing the metal frame, the 
partition could be repaired by replastering, provided the metal 
frame had not been injured. 

The concrete blocks and the terra cotta blocks in the tests 
cited above were not injured by the fire and water test; and so, if 
the results under actual conditions were always as favorable as in 
these artificial instances, the expense of repairing this form of par- 
tition would appear to be less than in the case of the other forms. 
It should be noted, however, that the partitions tested were with- 
out openings, and that openings in a partition weaken its lateral 
stability. While the block partitions were uninjured, they might 
not show 80 favorable results where openings occur, because of the 
attendant loss of lateral strength. In this respect it is probable 
that the plaster and wire lath partitions, and those plaster board 
partitions having metal stiffening, would not be any more liable to 
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failure with openings than without, because, ss constructed, the 
metal frame is secured at floor and ceiling, and, where openings 
occur, the frame is also tied longitudinally. 

Column Coverings. The particular form of covering to be 
used is affected by the section of the column. In general, how- 
ever, this consists of terra cotta blocks, wire lath, and plaster, or 
a solid block of concrete or plaster. As before stated, the princi- 
pal source of failure in all forms of covering is their liability to 
crack off or be knocked off. The more nearly, therefore, the cov- 
ering can approach a monolith of substantial thickness, the better 
it will be. If it consists of blocks, these should be bonded or 
anchored so as to tie the whole together, and should be made 
with one and preferably two air spaces. If of plaster on wire 
lath, it should be cement of sufficient thickness ; and if of concrete, 
cast in place, it should form a solid casing without joints and 
with an air space between it and tlie steel. In many cases, pipes 
are run in the column enclosui-e, so that in such instances the solid 
monolith is not practicable. 

Corrosion of Steel. An important feature in all concrete- 
steel systems is the effect of the concrete on the steel. Some 
authorities have held that, on account of its alkaline nature, the 
presence of Portland cement in concrete is sufficient to prevent 
any corrosion of the steel. Observations of actual structures, and 
tests specially conducted, have shown, however, that under cer- 
tain conditions steel will rust when imbedded in Portland cement 
concrete, while under certain other conditions it will not rust in 
such an environment. It has been held by some, for example, 
that this rusting will not occur unless sulphur is present in the 
concrete. 

Professor Norton of the Massachusetts Institute of Technology 
has conducted a series of tests to observe the conditions under 
which steel in concrete will corrode. A number of mixtures of 
concrete were used, consisting of standard brands of cement and 
of both cinders and stone. The cinders showed very little sulphur 
present, and the concretes were distinctly alkaline. The metal 
imbedded was in the form of steel rods, sheet steel, and expanded 
metal. The results showed that when neat cement was used no 
corrosion occulred. It was also demonstrated that when corro- 
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sion occurred in either the cinder or stone concrete, it was coinci- 
dent with cracks or voids in the concrete which allowed the 
moisture and carbon dioxide to penetrate. If the concrete was 
mixed wet, so as to form a watery cement coating over all the 
steel, this coating protected the metal even when cracks and voids 
were present. 

Professor Norton announced the further conclusion that when 
rusting occurred in cinder concrete it was due to the iron oxide or 
rust in the cinders, which acted as a carrier of the moisture and 
carbon dioxide, and it was not due to the presence of sulphur. 
Also, that if cinder concrete was well rammed when wet, and was 
free from voids, it was about as effective as stone concrete in 
preventing rust. 

His conclusion as regards the part played by rust in itself 
aiding the further corroding Action by assuming the role of carrier 
for the active agents, shows the importance of having the steel 
free from rust when it is imbedded in the concrete. 

The above observations and conclusions are of the utmost 
importance as establishing the conditions under which, in both 
stone and cinder concretes, steel may reasonably be expected not 
to corrode, and as showing clearly the precautions and methods 
that should be observed in such construction. 

Paints. Paints used for the protection of steel, consist, 
like all other paints, of a pigment and a vehicle. The pigments 
used are generally red lead, iron oxide, carbon, and graphite. The 
vehicle commonly used is linseed oil ; and generally this is boiled 
oil, although raw oil is sometimes used. 

Observations covering a period of about four years were made 
by Mr. Henry B. Seaman, Member of the Ameiican Society of 
Civil Engineers, on various kinds of paint exposed to the locomo- 
tive smoke and gjises on viaducts over the Manhattan Elevated 
Railroad in New York City. His report, published in the New 
York Evening Postj concludes that carbon and graphite paints 
stand such exposure rather better than others, and the carbon 
paints somewhat better than the graphite. None was entirely 
efficient, A detailed paper on paints for steel was prepared by Mr. 
G. M. Lilley, Associate Member of the American Society of Civil 
Engineers, and was published in Engineering News^ April 24, 1902. 
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The value of paints as agents in the prevention of rusting of 
steel depends much upon the conditions under which the painting 
is done, the quality of the paint, and the treatment of the metal 
after painting. 

The experiments of Professor Norton, already mentioned, 
have established that the essential thing is a coating of the steel 
which will not crack or peel off and is non-porous, and that the 
steel must be clean. The fact that in many cases paint has been 
applied over a coating of rust, does not, of course, afford any reason 
for condemning the use of paint because of its failure in such cases 
to prevent further corrosion. 

If the paint can be applied in such a way as to form for the 
steel a continuous coating that will not crack, or blister, or peel 
off, it will probably be a very effective preventative of rust. All 
paints, however, are more or less porous, and to this extent 
inefficient. 

It is, however, the opinion of the authorities who have given 
this subject most study, that, while more expensive, a thin coating 
of Portland cement applied continuously to a clean surface of 
steel is more effective than paint. 

The alkaline character of the cement neutralizes the carbon 
dioxide which may be present, or which may tend to filter through 
to the steel. In this regard, therefore, it is probable that a small 
degree of rust in the steel before it is coated with cement would 
not be likely to cause further rust, as would be the case if the coat- 
ing were of ordinary paint, since the carbon dioxide present in the 
rust would be neutralized by the cement. 

FIRB-RESISTINQ WOODS. 

There are several companies who have processes of treating 
wood to render it fire-resisting. These processes differ materially. 
None of them renders the wood absolutely fireproof, and tests 
have conclusively established that all such treated woods will burn 
if subjected to suflBcient heat for a considerable time. Some 
authorities place this temperature limit at which ignition will 
occur, as low as 100° above the temperature required to bum 
untreated wood. Other authorities claim that the period during 
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which wood will glow after it has been ignited and the flame 
removed, is as 1 to 10 for the treated and the untreated woods 
respectively. 

The process of treating woods is to impregnate them with 
certain chemicals which serve to retard the giving off of combus- 
tible gases by the wood under heat, and which also, under the 
action of heat, themselves give off certain other gases that serve 
to extinguish combustion when started. 

It has undoubtedly been demonstrated that treated wood will 
bum, and that the gases from it are combustible. It is, however, 
equally well established that treated wood will not ignite as readily 
as untreated wood ; that it requires a higher temperature to main- 
tain its combustion; and that when the source of heat is removed 
the wood will cease to glow more quickly than untreated wood. 

A material has recently been put on the market in England 
under the name of "Uralite," which, it is claimed, can be worked 
like wood ; and can be used largely in the same way, that is, either 
solid or as a veneer to form a fireproof covering. The basis of the 
material is asbestos mixed with whiting. The finished material is 
made of several thin layers felted together. For a description of 
this material, see Engineering^ August 15, 1902. 
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STEEL CONSTRUCTION. 

PART II. 



BEAMS AND QIRDERS. 

Determination off Loads, The first step in the calculation 
of a beam or girder is to determine the exact amount of load to be 
carried, and its distribution. Loads may be uniformly distributed 
or concentrated, or both in combination. The case of a simple 
floor or roof beam usually involves only the calculation of the area 
carried and the load per square foot. The load per square foot 
is made up of two parts — namely, dead load, or the weight of the 
construction ; and live load, the superimposed load. The latter 
is generally specified by law, as noted previously under '' Building 
Laws and Specifications." 

The calculation of the dead load has to be made in detail to fit 
each case. In the case of a floor beam this would consist of the 
arch between the beams, the steel beams and girdei*s, the filling on 
top of the arch, the wood or other top flooring, the ceiling, and the 
partitions. These weights cannot be accurately determined until 
the spacing and size of beams are fixed; so their features have 
to be assumed at first. The process in general is illustrated by the 
following case : 

Assume a terra cotta arch 8 inches deep, beams spaced about 
5 feet center to center, 3 inches of tilling and screeds on top of the 
arch, a J-inch hemlock under floor, and a l|-inch oak top floor. 
The weights then are as follows : 

8-in. arch = 30 lbs. 



Steel = 1- = 3.6, or say 
6 




= 4 " 


Filling = 3X5 




= 15 " 


J-in. floor = j X 2, say 




= 2 •• 


1| -in. top = 1.126 X 3.67, 


say 


= 4 " 


Ceiling (no furring) 




= 7 •• 


Partition =32-^^l 






= 64 •* 



Total Dead Load 126 lbs. 
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The calculation of the dead weight per square foot of parti- 
tions is made up of the weight of blocks, if of terra cotta, and 
of the plastering on both sides. If the structure is of wire lath, 
the weight is that of the framing and plastering. These weights 
per square foot have already been given in the chapter on Fire- 
proofing. 

Only the height of the story is used, as the partition stops at 
the ceiling. In the above case it is assumed that the partition 
may go anywhere, and therefore, in some cases, may come directly 
over a beam, thus being entirely carried by it. If the partitions 
are in general located so as to come between beams, and no pro- 
vision is desired for other possible locations, the above partition 
load might be reduced one-half, as a partition would then be carried 
by two beams. Or if the partitions came only over girders, the load 
might be omitted entirely in the calculation of the beams. 

In the above total dead load, it should be noted that the allow- 
ance for steel does not include the weight of girders. This of 
course should not be included for the beams. In the calculation 
of the girders the weight of the girder itself should be added. 

The calculation of dead load cannot be absolutely exact, any 
more than can the determination of the exact amount of live load 
that will have to be carried. It should always, however, be worked 
out in detail as above, so that as close an approximation as possible 
shall be made. 

Tables XIV and XVI, of Part I, and Table XVII, Part II, 
give the weights of different materials and forms of construc- 
tion, for use in determination of dead loads under different con- 
ditions. 

Tlie floor arch is assumed to carry all its load vertically to the 
beams, and the load therefore is the product of the area and the 
load carried per square foot. This neglect of thrust from the arch 
is on the safe side as regards the determination of amount of load 
on the beam. 

Distribution of Loads. The load on a girder is generally 
concentrated at one or more points, and involves the calculation 
of the reactions from the beams. Girders therefore, as a general 
thing, are not calculated until after .the beams. A girder may also 
have a uniform load from one side, or from a partition or wall. 
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TABLE XVII. 

WaighU of Various Snbttaacea and Matarlal* of Conftmctioa. 





AVEBAGB 




AVBBAOB 




WBIOHT IN 




WEIGHT IN 


SUBSTANCB. 


POUNDS PBB 


BUB8TANCB. 


POUNDS PBB 




CUBIC FOOT. 




CUBIC FOOT. 


AlumiDum 


162 


Hickory 


63 


Asb 


88 to 47 


Iron, cast 


460 


Aepbaltum 


62 to 112 


Iron, wrought 


480 


Brass (cast) 


400 to 626 


Lead, commercial 


710 


Brick 


100 to 160 


Limestone 


163 to 178 


Brickwork 


100 to 140 


Lime, quick 


96 


Cement, Portland 


80 to 110 


Mahogany 


36 to 68 


Cement, Rosendale 


66 to 66 


Marble 


168 to 180 


Cherry 


42 


Masonry, granite or 




Chestnut 


41 


limestone, dressed 


166 


Clay, Potter's, dry 


112 to 143 


Masonry, granite or 




Clay, in dry lamps 


66 


limestone, rubble 


164 


Coal — Anthracite 


62 to 60 


Masonry, granite or 
limestone, dry rubble 




Coal — Bituminous 


47 to 62 


138 


Coke 


23 to 32 


Masonry, sandstone ) 




Concrete— Stone and 




less than above 




Portland cement 


140 


Mortar, hardened 


87 to 112 


Concrete — Cinders an'l 




Oak, live 


60 


Portland cement 


96 


Oak, white 


47 


Copper, cast 


642 


Oaic, red 


32 to 46 


Copper, rolled 


666 


Pine, white 


25 


Cypress 


64 


Pine, yellow Northern 


34 


Earth — Common loam, 




Pine, yellow Southern 


46 


dry and loose 
Earth — Common loam, 


72 to 80 


Poplar 


29 




Platinum 


1,342 


dry and rammed 


90 to 100 


Quartz 


166 


Earth — Common loam. 




Sand 


90 to 130 


soft-flowing mud 


110 to 120 


Snow, freshly fallen 


6 to 12 


Elm 


36 


Snow, moist compacted 


16 to 60 


Gneiss, common 


168 


Slate 


176 


Gneiss, in loose piles 


96 


Spruce 


26 


Gtold, cast pure or 24 




Steel 


490 


karat 


1,204 


Sycamore 


87 


Qoldf pure-hammered 


1,217 


Tar 


62 


Granite 


160 to 178 


Terra Cotta 


106 


Gravel 


90 to 130 


Terra Cotta masonry 


112 


Hemlock 


25 


Tin, cast 


469 



NoTB. Where weights of wood are given above they are for perfectly dry 
wood. Green timbers weigh from one-fifth to one-half more than dry, ordi- 
nary building timbers, one-sixth m(»re than dry. 
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thus bringing sometimes yery uiisymmetrical loading. Openings 
also affect the distribution of loading on a beam or girder. 

Stairs should be figured as fully loaded with the assumed live 
load and the dead weight of their own construction, and as being 
supported by the girder on which they rest. In the case of very 
heavy live loads, as in warehouses, the customary live load in 
office buildings could be used in determining the load for stairs. 

If the framing plan is drawn accurately to scale, the position 
of concentrated loads can be determined by scaling. In the case 
of short girdei-s with heavy loads, however, a slight error in deter- 
mining the position of loads would appreciably affect the result; 
hence it is necessary to exercise caution in scaling the position, to 
avoid any chance of great variation from true measurement. 

Beams and girdeis carrying elevator machinery should have 
the loads and their position determined with special care. To 
this end the layout of the company installing the machinery 
should always be used in final calculation. This layout gives the 
loads at the different points ; and therefore the exact position on 
the supporting beams, and the reaction on the girders, can be 
determined. As elevators are liable to cause a shock in sudden 
starting and stopping, it is customary to multiply the total load by 
two to allow for this shock. 

In the calculation of the girder the laws of some cities allow 
a reduction amounting to a certain percentage of the live load, on 
the assumption that the whole area adjacent to a girder is not 
likely to be loaded to its maximum at the same time. This, how- 
ever, should not be done in warehouses, nor where on the other 
hand the assumed loads are very light ; and in any case it should 
be done with discretion. 

Lintels. The size and character of lintel beams depends (1) 
on load to be carried, (2) on arrangement of openings over beams. 
(3) on practical considerations of construction. 

If the wall is solid above the opening for a height greater 
than the span of the opening, the masonry, if of brick, will arch to 
some extent and thus relieve the lintel of a portion of the load. 
Practice varies in tlie proportion of load assumed to be carried. 
It is good practice to consider the weiglit of a triangular section of 
wall, of height equal to the span, as carried by the lintel. If 
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there is only a small pier under the ends of such a lintel, however, 
this arch effect should not be considered, but the full load of 
masonry provided for. In very wide openings, also, the full load 
should be calculated on the lintel. The basis for assumption of 
arching effect is that brickwork can be corbeled out at an angle of 
about 60°, and support safely its own weight after final set in the 
cement has taken place. This assumption should not be made 
where the center of gravity of sucli mass of masonry will fall out- 
side the supporting base. The figures below will illustrate this 
principle. 

Another assumption sometimes made is, that the wall span- 
ning the opening is capable, as a beam, of carrying a certain por- 
tion of the load, and that the lintel need be calculated only for the 
additional weight. This is necessarily dependent on the tensile 
strength of the mortar joints, which, although being considerable 
in an old wall, would be very slight in a new wall ; and for new 
work, therefore, this assumption should not be made. 

The arrangement of openings 
above the lintels often makes it 
necessary to provide for the full 
load of wall, because this load is 
carried in the direct line of piers 
to the lintels. Such cases are 
illustrated by the figures below. 

The particular form of lintel 
will depend not only on the load, 
but on the way in which the metal 
must be distributed in order to 
carry the load. A very thick wall 
may necessitate a number of beams 
or other shapes to provide neces- 
sary width on which to lay the 
brickwork. If the stone or terra 
cotta facing has to be supported, 
this also necessitates special shapes 
to meet the requirements. More- 
over, if floor loads are to be carried, the size and shape will be 
largely fixed by this further condition. A lintel may, therefore, 
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consist of a number of different shapes of different sizes. The 
problems below illustrate types of condition ordinarily met with. 

Beam Plates. Beams and girders carrying ordinary loads, 
usually have plates under the ends resting on the walls, in order 
properly to distribute the load on the masonry. 

The method of determining the proper size and thickness of 
such plates is as follows : 

In Fig. 78, 1 = dimensions of plate in inches transverse to 
web of beam ; 
b' = dimension of plate in inches in direction of 

web of beam ; 
b = width of flange of beam. 

The plate should cause the load to be uniformly distributed on 
the masonry over its whole area. 

If R = the reaction at wall end, 

R 

then T7-) = the load per square inch on masonry. 

The portion of the plate not covered by the flange of beam is 
in the condition of a beam fixed at one end and free at the other. 
The formula for the moment, therefore, is : 

^ AT ^-^ 

R /l—b\* 



, „ R /l—b\ 

therefore M = J X jt^ X I ~2~/ 



considering a strip 1 inch in direction of web of beam ; but from 
the formula for beams, 

/I 
M = — ; if, therefore, t s= thickness of plate, 

= J/* **> then, since y = .y> 
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therefore j^ = <« = ^ x jr^ X — 4— X j, since b = 1, 



u. ,. . ,3 R(Z— A)* 

which reduces to r = -7 n"?-:? 

4 6' If 

For steel plates,/= 16,000 
For cast iron /= 2,500. 

The safe bearing on masonry has been specified in the chap- 
ter on Building Laws and Specifications. 

If two or more beams spaced close together were used, then b 
in the above formulae would be the extreme distance between 
flanges of outside beams. 

Anchors. Beams resting on brick walls are anchored to 
these walls. Some of the more common forms of anchors are 
shown by Figs. 79 to 86. 

Separators. When two or more beams are used together to 
form a girder, they are bolted up with separators. These sepa- 
rators are either bolts running through spool shaped castings 
of the required length to fit between the webs of beams, or 
plate-shaped castings made to fit accurately the outlines of 
the beams and having width equal to the space between webs 
of beams. The object of these separators is two-fold ; (1) to pre- 
vent lateral deflection of the beams under the loading ; (2) to dis- 
tribute the loads equally between the beams when the loads are 
not symmetrical on the two beams, and to cause the beams to de- 
flect equally. The latter function is by far the more important 
one, and for this purpose the second form of separator is the only 
one that should be used. Beams over 12 inches deep have, as a 
general thing, two horizontal lines of separators; beams under 12 
inches, one horizontal line. 

Figs. 87 to 89 illustrate the different types of separator. 

Calculations. To find the actual fibre stresg on a given beam 
supporting knovm load%: 
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Data required : 

1. Length of span of beam, center to center. 

2. Size and weight per foot of beam. 

3. The amount and character of load on the beam. 
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Operations : 

1. Find from the tables in Cambria the moment of in- 
ertia of the beam. 

2. Figure the bending moment due to all the concentrated 
loads, and the uniform load in inch-pounds. 

8. Apply formula / = -|— . 

Substituting the values obtained above we find the value off. 

Note. Since we know the size of beam, the valae of y is one-half the 
depth of beam. 




3W| 



CAST IRON SPOOL 5ERARA70R5 

A more direct method would be to find the value of S (see 
Cambria) and dividing M by S which would give the required 
fibre stress. 



Q 



^ 




L 



r 



STANDARD CAST IRON SEPARATOR WITH ONE BOa . 
To find what loady uniformly distributed^ will he carried hy a 
given beam at a given fibre stress. 
Data required : 

1. Length of span, center of bearings. 

2, Allowed fibre stress. 

8. Size and weight per foot of beam. 
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Operations: 

1. Find from the tables the moment of inertia of the 
given beam. 

2. Find the value of the beam in bending-moment, 

/I 
inch-pounds, from the formaU M = — 

3. Find the value of the beam in bending-moment foot- 
pounds by dividing the result obtained under operation 2 by 12. 

4. Find the value of W in the formula 



W = 



8 M 

I • 



in which W = the total load in pounds uniformly distributed 
which the beam will support : 

M = the bending moment in foot-pounds ; and 
I := length of span in feet. 



^ 
^ 



i] 



L 



^*f^?'^?7r*,^m^ff^^?f*f^ 



Fig, 69. 
STANDARD CAST IRON SEPARATOR WTTH TWO B0LT5 

To find the size of beam required to carry a system of knoum 
loads at a given fibre stress. 
Data required : 

1. Length of span, center to center. 

2. Allowable fibre stress. 

3. The amount and character of load on the beam. 
Operations : 

1. Figure the bending moment in inch pounds due to 
all the concentrated loads, and the uniform load. 
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2. Divide the bending moment in inch pounds by the 
specified fibre stress, and the result will be the required section 
modulus, S. 

3. Select from Cambria a beam having the required 
value of S. 

Note. Due attention in selecting the beam must be given to lateral 
and vertical deflection as previously noted, or to a proper reduction of the 
specified fibre stress to allow for these considerations. 

PROBLEMS FOR PRACTICB. 

1. Given a 15-inch 60-lb. beam on a span, center to center 
of bearings, of 22 feet 6 inches. Required the safe load uniformly 
distributed at a fibre stress of 16,000 lbs. per square inch. 



teftT^^^^^t-f^-tl^ 



3 C 



:3 t5 



I UhTITLa TYPt A 

Solve (a), by the methods given above ; 

((), by use of coefficient of strength given in table of 

C 

Properties by the formula M = g. 

2. Find from the table of Safe Loads the total load which 
a 6-inch 12.25-lb. beam will carry on an effective span of 15 feet, 
without exceeding the limits of deflection for plastered ceiling; 
allowable fibre strain 16,000 lbs. per square inch. 
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What would be the safe load in the above problem if the 
allowable fibre strain were 10,000 lbs. per square inch? 
In the following problems, solve, 

(a) by use of tables of Safe Loads, and 

/I 
(6) by formula M = — , and use of table of Properties. 

if 

8. Find the gp*eatest safe load in pounds uniformly distrib- 
uted that will be sustained by a 10-inch 35-lb. I beam having a 
clear span of 10 feet 3 inches and an e£fective span of 11 feet 3 
inches, the allowed stress in extreme fibre being 12,500. 

4. The moment of the forces in 
foot-pounds acting on a beam of un- 
determined size is 108,000. What size 
of beam will be required if a stress of 
16,000 pounds per square inch is allowed 
in extreme fibre ? 

5. What load uniformly dis- 
tributed will a 15-inch 42-lb. I beam 
support per linear foot, if the span, ceu- 
ter to center of bearings, is 10 feet 4 
inches, and the allowed stress in ex- 
treme fibre is 14,500 pounds per square 
inch? 

6. What weight of wall will a 
12-inch 31.5-lb. I beam 18 feet long be- 
tween center of bearings carry, no 
transverse support for wall? Allow- 
able fibre strain, 16,000 lbs. per square 
inch. 

7 . An office building has colunms 
spaced 15 feet on center in both direc- 
tions. Give in detail the estimates of dead load for the following 
constructions. Live load in each case 100 lbs. per square foot. 

(a) Beams spaced 5 feet center to center, 8-inch terra cotta arch of end 
construction, 2-inch wood screeds and cinder concrete filling, {-inch under 
floor, and {-inch maple top floor. 

(&) Same conditions, except 8-inch terra cotta arch of side construction. 

(c) Same spacing of beams, with expanded-metal arch, type 8. 
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(d) Same conditions as above, bat expanded-metal aroh, type 3, with 
suspended ceiling. 

(e) Beams spaced 7 feet inches center to center. Columbian system, 
type 2, stone concrete. 

KoTB. In all above cases, partitions are of 3-inch terra cotta blocks, 
and come only over girders. Clear story height = 10 feet. Oive loads for 
both beams and girders. 

8. Required a lintel over opening shown by Fig. 92. 
Clear span 15 feet, wall 16 inches thick and 50 feet high. No 
floor or any load carried by wall. 

In this type of opening, the narrow piers or columns under the lintels 
make it necessary to figure the full load of wall, as otherwise the narrow 
base supporting the heavy overhanging mass of masonry would cause at the 
piers a thrust that would necessitate continuous tie rods. The full load, there- 
fore, would be 60 X 15 X 1.33 X 115 = 116,000 lbs. The effective span of lintel 
is 10 feet; the capacity of two 18-inch 55-lb. I beams for this span is 117,800 
lbs., and these would, therefore, be the required sections. 



rr 



mr 
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LINTELS TYPE C 

Required the size of lintel of type B, Fig. 91. Span between 

centers of bearings, 7 feet. Wall 20 inches thick. Floor load 

200 lbs. per square foot. Columns spaced 15 feet from wall. 

In this case the piers at side of opening are sufficiently heavy for us to 
consider the wall over opening as arching, as shown by dotted lines. 

Floor load = 200 X 7.5 X 7 = 10,600 lbs. 

Wall load =7 X 3.5. X 1.67 X 115= 4,697 lbs. 
The full floor load should be provided for. The wall load is nat a uniformly 
distributed load, and moment should be calculated by assuming load 
between center and end of girder as acting i the way from the center of the 
girder. 

M of floor load = 4X200X7.5X7X7X12 = 110.200 inch-pounds. 

M of wall load = 7 X 3.6 X 1.67 X 115 

-■ 2 X 2.33X12= 65,600 •* " 

176,700 •• •• 
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The moment in foot-pounds of wall load can be obtained also by the use 

of the formula M = " — , where p is the weight of a square foot of the masonry 

12 
of the given thickness, and I the span. 

If the allowable fibre strain is 16,000, this gives a necessary section 
modulus of 11.0. 

Two 7-inch 9.75-lb. I beams have a total section modulus of 12.0, and 
would, therefore, be sufficient. 

NoTB. In this calculation the strength of the angle riveted to the chan- 
nel is not considered in the capacity of lintel. 

10. What size of beam will be required to span 19 feet cen- 
ter to center of bearings, and support a uniform load of 1,200 lbs. 
per linear foot, together with two concentrated loads of 6,000 
pounds each ? One concentrated load to be applied 7 feet from 
the left-hand support and the other 8 feet 9 inches from the left- 
hand support. . The allowed fibre stress is 9,000 pounds per 
square inch. 

11. Find the actual stress in extreme fibre of a 12-inch 31.5- 
Ib. I beam spanning 12 feet 6 inches center to center of bearings, 
and supporting a uniformly distributed load of 23,500 pounds, and 
one concentrated load of 7,500 pounds placed 4 feet 9 inches from 
left-hand support. 

12. What will be the most economical arrangement of floor 
beams and girders for carrying a load of 176 pounds per square 
foot, including weight of floor? Assume floor to be of expanded 
metal, fireproof construction, and beams spaced not to exceed 6 
feet. Under side of floor to carry a plastered ceiling. 

13. What size and weight of beam, 23 feet long in the clear 
between walls, will be required to carry safely a uniformly dis- 
tributed load of 14 tons, including the weight of beam? 

14. What load uniformly distributed, including its own 
weight, will a 12-inch I beam, 31.5 pounds per foot, carry for a 
clear span of 23 feet 6 inches, without deflecting sufficiently to 
endanger a plastered ceiling? Beams rest 12 inches on walls at 
each end. 

15. Calculate by use of Cambria book the moment of inertia 
about the neutral axis perpendicular to web at center of a 12-inch 
31.5-lb. beam. 

16. Given a girder loaded as follows: Effective span 28 
feet ; center load 4,000 lbs. ; and a load, 7 feet each side of cen- 
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ter, of 3,000 lbs. Required the size of beam such that the deflec- 
tion will not exceed plaster limits. 

17. Given a warehouse 1 80 feet by 80 feet inside of walls. 
Columns spaced 18 feet longitudinally and 16 feet transversely. 
Total load per square foot 300 lbs. Required the necessary sizes 
of beams and girders. 

18. In the above warehouse, what changes in spacing of 
columns longitudinally could be made to give more practicable 
sections of beams and girders, and what sizes could then be used? 

19. Given a girder loaded as shown by Fig. 93. Allowable 
fibre stress, 16,600 lbs. per square inch. Required : 

(a) The size of single beam girder. 

(6) The size of single beam or channel to carry end of girder 
framing into lintel. 

(c) The size of double beam girder. 

(cf) The size of double beam or channel lintel. 




20. Given a system of overhead beams for an elevator as 
shown by Fig. 94. Required the size of beams Nos. 1, 2 and 3. 
Make allowance for shock as previously stated, and observe that 
when two beams are used together as a girder they must be of the 
sam.e depth. Allowable fibre stress 15,000 lbs. per square inch. 

In all the above problems, unless otherwise noted, use /= 
1,600 pounds per square inch. 

COLUHNS. 

A column ordinarily has to carry only vertical loads. There 
are conditions in which it has to resist lateral forces, but these will 
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be taken up under the heads of "High Buildings" and "Mill 
Buildings." 

Shapes Used. A column may be made of any of the struc- 
tural shapes that are rolled, or of any combination of them which 
it is practicable to connect together. In practice, however, there 
are certain combinations which are commonly used to the exclu- 
sion of others. Beams, channels, angles, tees, and zees are all 
used singly at times, as columns. The more common combination 
of shapes are shown in Plate I of Part I. 
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The component parts of these columns will be evident in 
most cases, from an inspection of the figures. The white spaces 
between the black lines indicating the di£ferent shapes do not 
represent actual spaces ; this is a conventioDal form to more clearly 
show the shapes of which the column is composed. 

Fig. 5 is a two-angle and a four-angle column. Adjacent 
legs of the angles are riveted together as indicated. Sometimes 
plates are riveted between the angles to increase the area of the 
column or to make simple connections. 

Fig. 6 is a four-angle column to which the angles are connected 
by lattice bars, which come in the position shown by the light line, 
and run diagonally from side to side of the column for its' entire 
length. 

In Fig. 7 a continuous plate is substituted for the lattice bars. 

Fig. 8 is a similar column in which one or more plates are 
added to the outstanding legs, on each side, to increase the area 
of the column. 

Fig. 9 represents a column composed of two channels con- 
nected by lattice bars, riveted to the flanges. 

In Fig. 10 continuous plates are substituted for the lattice bars. 

Fig. 11 is a column similar to Fig. 10, but shows plates 
riveted to the webs of the channels to stiffen them and to increase 
the area of the column ; these plates have to be riveted before the 
flange plates are put on. 

Fig. 12 is a column of similar shape, but instead of the 
channels, angles riveted to plates are used. This has the dis- 
advantage, common to Fig. 11, of four extra lines of rivets as com- 
pared with Fig. 10. A heavier section can be made, however, 
than would be possible with any of the channel sections, and a 
better riveted connection can be made through the flange angle 
than through the flanges of the channels. 

Fig. 13 is known as a *' Grey column," and is a patented sec- 
tion. The unshaded lines between the angles represent tie plates 
which occur about 2 feet 6 inches apart from top to bottom, and 
serve to connect the angles to each other. 

Figs. 14 and 15 are similar to Figs. 9 and 10, the channels 
being simply turned in instead of out ; this is of advantage some- 
times in making connections or when a plain face is desired. 
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Fig. 16 is called a ** Larimer column," and is also a patented 
section. It consists of two I beams bent in the form shown and 
riveted together through a special shaped filler, shown unshaded. 
This column has the same advantage as the Grey column, that it 
gives a flange on all four sides to make connections with. Neither' 
column is very generally used, however, and when used they are 
subject to a small royalty charge. 

Fig. 17 is a modification of Fig. 8, in which channels are 
used instead of plates. This gives more simple connections of 
beams, especially where the beams frame eccentrically with regard 
to the axis of the column. This section also gives a larger radius 
of gyration, and has many of the advantages of the Z-bar column 
shown by Fig. 23, although having four extra lines of rivets. 

Fig. 18 is a column having four Z bars connected by tie 
plates spticed about 3 feet apart, and which are indicated by the 
unshaded Hues. 

Fig. 19 is similar except a continuous plate is substituted for 
the interior tie plates. 

Fig. 20 is« a section intended to give the form of Fig. 17. 
The rivets through tlie beam flanges are objectionable, however, 
except for light loads and short lengths. 

Fig. 21 is a modification of Fig. 19, in order to increase the area. 

Fig. 22 is a modification of the usual form of Z-bar column 
shown by Fig. 23. This gives increased area and a greater spread 
between the outstanding flanges of the Z bars, which is of advantage 
sometimes in making connections. 

Fig. 23 is the very genemlly used Z-bar colunni. This 
section has its metal so distributed i\s to give a high radius of 
gyration, and its shape makes connections simple. Z bai-s cost 
about ^jf of a cent per pound more than other shapes, and it is not 
possible, generally, to get so prompt delivery. 

Fig. 24 shows the usual method of increasing the area of a Z- 
bar column by adding plates to the flanges. 

Effect of Connections. In order to design a column intelli- 
gently, it is necessary to know in every case how the members 
that are to carry the load to the column are to be connected to it. 
Types of connection are illustrated by Plates VII and VIII, Fig-*. 
05 to 105. 
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There is hardly ever a case in which the loads on a column 
can be exactly balanced so that the center of gravity of the loads 
will coincide with the axis of the column. Practically, also, the 
beams on one side may receive their full loiid while those on the 
other side are only partially loaded. The effects of eccentricity 



o 
o 
o 
o 
o 
o 
o 
o 



D 6"q~ 
o o 



"f 



O 'O o 






6 

I 



b 

lO 

L9. 



o o o 



o 



Q O O Q 



a jUVS ^J '^-^J ^ -^-^— ^ ™'""^' " * ■ — ■■■*/ 



Ffg. /06 



of loading are very apparent in tests of the carrying capacity of 
columns; and, where practicable, a column section should be 
chosen which will admit of connections bringing the loads as near 
to the axis of column as possible. If tlie l)0:ims frame symmetric- 
ally about tlie axis of the column and are almost equally loaded, it 
is not generally necessary, in calculation, to consider the effect of 
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eccentricity. In cases, however, such as frequently occur in con- 
nections of spandrel beams and wall girders to columns, this eccen- 
tricity should be considered in the calculations. 

To facilitate the erection, connections of beams to columns 
should always be by a shelf having the proper shear angles under, 
rather than by side connections. Another advantage in this form 
of connection is that the deflection of the beam does not' cause 
so much bending stress in the column. As will be seen from Fig. 
106^ if a deep beam or girder were connected by angles in the 
web, a deflection in the beam >yould cause the top to tend to pull 
away from the column ; and, if the beam were held rigidly by side 
angles, considerable bending stress in the column would result. 

Selection of Sections. The particular form of column section 
will vary with the conditions. 

1. The first consideration is usually the amount of load; 
certain forms cannot be used without excess of metal if the loads 
are light; and conversely, certain other forms cannot be used 
economically if the loads are very heavy. 

2. The next point to be considered is the way th^ beams 
come to the column. If the framing is symmetrical and on four 
sides, any of the sections could be used ; in such a case, however, 
it would be simpler to avoid single or double angles for use as 
columns. 

If the connections are eccentric, then a section stronger in 
the direction of eccientricity should be chosen, and one that will 
admit of easy connections. If a heavy girder comes in on top of a 
column, then the metal must be specially arranged to meet this 
condition. The consideration of these points will be taken up 
and illustrated in detail under the head of " Connections." 

3. In the case of wall columns, the architectural details, — 
such as size of pier, relation to ashlar line, thickness of walls, etc., 
— by limiting the dimensions of column, generally affect the choice 
of form of section. 

4. Other architectural conditions, such as, shape and size of 
finished column, relations to partitions, provision for passage of 
pipes, wires, etc., have to be considered in the general choice, as 
it is desirable to adopt the same type throughout even if the limi- 
tations affect only certain columns* 
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5. The condition of the steel market as regards delivery 
of certain shapes within the required time, is always a factor. 
A delay of several months may sometimes be saved by proper con- 
sideration of this point. 

Calculation of Sections. The type of column having been 
decided on, the calculation of sections is the next step. 

The effect of connections is as important in the case of cast-iron 
columns, as in that of steel columns, and typical details are shown 
in Plates X and XI, Figs. 108 to 111. 

Plate XII» Fig. 112, shows a cast-iron ribbed base designed 
for a square column similar to that shown by Fig. 110. 

Fig. 113 shows a cast-iron base designed for a steel column, 
the section of which is indicated by the hatched lines. An impor- 
tant feature of all cases of this type is to have the metal arranged 
so as to conform to the metal of the column that rests upon it. 

A good many designers give a slight pitch downward to the 
brackets forming the seats of beams. This is of advantage in 
avoiding the tendency, which would otherwise occur, of the beam 
to bear most heavily on the other edge when deflection under load- 
ing takes place. 

There are several types of column formulae in general use ; 
and, as noted under " Building Laws and Specifications," there is 
a variation in the legal requirements of different cities in this 
respect. 

Gordon's formula is perhaps the oldest and most generally 
used. This is as follows : 

_ 12500 
^-1 + Z2 



where/ = safe fibre strain reduced for length and radius of 
gyration ; 

I = unsupported length, in inches ; 
r = radius of gjrration, in inches ; 
a = a constant, of the values below : 
= 36,000 for square bearing ; 
= 24,000 for pin and square bearing •, 
= 18,000 for pin bearing. 
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Plate 21 
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The formula used by the Carnegie Steel Company for the 
calculation of capacity of Z-bar and box-section columns is as 
follows : 

/ = 12,000 for lengths of 90 times the radius of 
gyration. 

/ = 17,100 — 57 — for lengths greater than above. 
r 

Cooper's formula is as follows : 

/ = 16,000 — ssL. 

r 

This formula, while similar in form to the one used by the 
Carnegie Company for lengths above 90 radii, is applied by Cooper 
to all lengths. 

The American Bridge Company use the following formula 
for all lengths : 

-__ 17,000 



1+ " 



11,000 r^ 



The results given by these formulae vary considerably, the 
variation increasing under certain conditions of length and of radius 
of gyration, and being greater with large values in ratio of length 
to radius of gyration. 

The student should work out the areas of column required 

by these formulae for different values of — , to become familiar 

with their differences. 

Columns, Diagrams, and Tables. The most useful diagram 
for the calculation of capacity of columns and of required areas 
under concentric loading is one which gives the allowable unit- 
stress according to the formula to be used. Such a diagram would 
be made by laying off vertical ordinates representing different 
values of radius of gyration, and horizontal ordinates representing 
length' of column in feet. On this diagram curves could be 
plotted, corresponding to a number of formulae. 
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In practice this diagram would be used as follows : Assume 
a certain section which the judgment of the designer indicates as 
approximately correct. Calculate the radii of gyration, and, this 
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haying been done, the allowable fibre stmin, for the least ratio 
of length and radius of gyiation can be taken from the diagram. 
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If the area as determined by this allowable fibre straia varies 
materially from that of the assumed section, a new assumption 
must be made and the process repeated. 

Problem, Plot on cross section paper which is divided into 
spaces y^^ inch square, a column diagram as described above, and 
draw curves for each of the formulae given ; ordinates to provide 
for radius of gyration from inches to 8 inches, and of length 
in feet from feet to 60 feet. The scale to be ^ in. i= 1 ft., and 
^^ in. = 1 in. radius. 

Tables or diagrams are also made of the safe capacity of dif- 
ferent column sections for varying lengths, as, for instance, those 
given for Z-bar columns and for channel and plate columns. Sim- 
ilar data could be prepared for other types of column ; but unless 
the designer were working under one column formula constantly, 
such tables, in order to be useful, would need to be made applica- 
ble to all formulae, and would, therefore, involve considerable time 
in their preparation. 

The column loads should be tabulated with the sections of 
columns as illustrated by Plate IX, Fig. 107. These loads are 
the reactions from the different beams framing into them. 

Practical Considerations. In general it is the practice to 
vary the section of column only at every other floor. The reason 
for this is that the saving in number of pieces to handle and 
to erect, and in splices, and the gain in time of delivery, more than 
offset the extra metal added in one story. 

In some cases, also, it is advisable to adopt a uniform dimen- 
sion column so as to avoid changes in length of beam from story 
to story that would be necessitated by even slight changes in size 
of column. In special cases many other practical points are likely 
to arise, which, by affecting rapidity of preparation of drawings, 
or of shop work, or of erection, may make it advisable to adopt 
certain forms, or may affect the theoretically economical section. 
The successful designer is the one who can foresee all these con- 
siderations and properly weigh their effect. 

^Cast-iron Columns. Where the conditions are such as 
to require a rigid frame, and consequent stiffness in joints and 
connections, it is not advisable to use cast-iron columns, because 
connections to such columns must always be by means of bolts. 
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which are apt to work loose and which never fit the holes perfectly. 
Furthermore, cast-iron columns are ill adapted to resist lateral 
deflection. Their use, therefore, should be confined to buildings 
of moderate height and in which the walls themselves furnish all 
necessary stiffness. 

In order to use the formulae for strength of cast-iron columns, 
given in Table 10 of Part I, the ends must be turned true. If 
this is not done not more than one-half their values should be 
used. 

Concrete and Steel Columns. Considerable attention has 
been given of late to the strength of steel and concrete columns. 
Some systems have already been proposed, in which columns com- 
posed of rods imbedded in concrete are used. Such construction 
has been used to some extent for chimneys, and in a few build- 
ings. It is also suggested that in certain classes of buildings, 
notably mills and manufactories, the steel members now quite 
commonly employed for columns could be encased in a solid and 
substantial envelope of concrete, and that this casing not only 
would have the advantage of fireproof protection, but, by the added 
stiffness afforded the colunms, would enable higher fibre sti-ains to 
be used in the design of the steel members, and would thus result 
in better and cheaper construction. 

PROBLEMS. 

1. Determine by use of the column diagram described in the 
problem above, the proper section of plate and four-angle column 
to carry a girder over the top, bringing to the column a load 
of 100 tons. Unsupported length of column 18 feet. Use Gor- 
don's formula. 

2. In the above problem substitute for a plate and angle 
column a box column composed of channels and side plates, and 
determine proper section by use of Carnegie formula and American 
Bridge Company formula. 

3. Given a column built into a 16-inch brick pier and loaded 
with 125 tons. Required the proper section of plate and angle 
column, assuming column to be stiffened by wall in direction of 
wall. Length 16 feet. Use Gordon's formula. 
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4, Given a column loaded as shown by Fig. 114. Deter- 
mine proper section of plate and angle column, using Gordon's 
formula. 
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5. Given the same column as above, but with the axis of 
column at right angles to previous position, as shown by Fig. 115. 
Determine required section of column using channels either latticed 
or with side plates. Use Gordon's formula. 
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TRUSSES. 

For spans under 35 feet, a riveted or beam girder is ordinarily 
more economical than a truss, unless the conditions of loading are 
peculiar. 

Selection of Type. The type of truss selected depends gen- 
erally upon (1) span, (2) pitch of roof, (3) covering of roof, (4) 
available depth, (5) load to be carried. 

All the above considerations affect jointly the choice of type ; 
no single type would be used under certain lengths of span, for 
instance, with different combinations of the other conditions. A 
short span and flat roof might lead to a lattice truss, but if the 
roof had a steep pitch another type would be used. 

The covering of the roof affects the position and number of 
panel points, and therefore the type. If the planks rest directly 
on the top chord of trusses, then the panels can be arranged as 
may be most economical. If the roof is of corrugated iron, the 
size of sheets will limit the spacing of purlins, and, as these should 
come at the panel points, this will determine the number of panels. 

The position of a monitor or skylight would also largely deter- 
mine the number of panels. 

If the depth is limited, then certain types cannot economi- 
cally be used. If there is a ceiling or shafting to be carried, or 
any other conditions making a horizontal bottom chord essential, 
then this must be provided. 

In almost all cases, therefore, there are certain conditions that 
deteimine arbitrarily certain features of the truss, and these indi- 
rectly fix the type that should be used. 

On pages 109 and 110 are given types in general use, and a 
consideration of the points noted above will illustrate their appli- 
cation to these types. 

Bracing. An important feature in all trussed roofs is the 
bracing. Trusses cannot be economically designed without sup- 
porting at intervals the top chord against lateral deflection. As 
was noted in the case of beams, the allowable fibre stress must be 
reduced with the ratio of length to radius of gyration. 

This support is given by the plank if directly attached to the 
truss, or by purlins. Such purlins should be efficiently connected 
to the truss. If the conditions of framing are such that the regu- 
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lar construction does not hold the truss, then special steel bracing 
must be used. In the case of very large roofs, special steel brac- 
ing should always be used, as there would not be sufficient stiff- 
ness in the connections of purlins to properly brace the trusses. 

Such bracing is generally of the kind known as X bracing, 
alternate panels of adjacent trusses being connected by angles or 
rods. Not every bay is braced, but every other bay, or a less 
number, depending on conditions. 

Considerations Affecting Design of Trusses. Light trusses 
are subject to distortion in shipping, handling and erection. To 
guard against such distortion it is sometimes important, therefore, 
to provide more than the strength calculated for vertical loads 
when the truss is in position. 

In designing a roof, certain features that affect the weight of 
a truss can often readily be avoided. Some of these are indicated 
as follows : 

LoQ^ web members should be arranged so that the stress will be ten- 
sloD, not compression. 

It is not economical to use a double system of web members, such as a 
lattice truss, except in the case of light loads and shallow depth. 

Ko web members should be provided that do not take direct load or are 
not needed for support of the chords. 

Concentrated loads, such as purlins, or hangers, etc., should, if possi- 
ble, come at panel points, as otherwise the bending stress in the chords 
increases materially the weight of truss. 

The roof plank resting directly on the top chord of truss increases the 
weight of truss, but the saving in purlins sometimes offsets this. 

The spacing of trusses should, if possible, be such as will develop the 
full strength of the members of the truss. In some cases the conditions are 
such that the lightest sections which it is practicable to use are not strained 
nearly to their capacity. 

Practical Considerations. Trusses are generally riveted up 
complete in shop and shipped whole, unless it is impracticable to 
do so. Not only is riveting in the field expensive, but the rivets 
are not so strong, being generally hand-driven instead of power- 
driven. 

In some cases it is not practicable to rivet the trusses com- 
plete, on account of their size. If they are to be shipped by rail- 
road, it is always necessary to be sure that they do not exceed the 
limits of clearance necessary along the route they have to traverse. 
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These limits have to be obtained in each special case, as the clear- 
ances of bridges and heights of cars vary. This consideration 
sometimes makes it necessary to ship all the parts separately and 
to rivet in the field, or to make one or more splices of the truss as 
a whole. The weight of trusses, with regard to the rigging avail- 
able for handling and transporting them, has also to be considered. 

During the process of erection it should be remembered that 
in the design of the truss the lateral biucing of the completed 
structure is generally figured on, and until the structure is com- 
plete, ample temporary bracing should be provided. Many fail- 
ures of roofs are due to neglect of this precaution. 

Determination of Loads. The loads for which a roof truss 
should be figured are: the dead weight of all materials; an 
assumed snow load, varying with the latitude and slope of roof ; a 
wind load, varying with the slope of roof ; a ceiling load, if there 
is to be any ; and such other special loads as may occur in particu- 
lar cases. 

Snow varies from 12 to 50 pounds per square foot of roof, 
according to the degree of moisture or ice in it. On a flat roof an 
average allowance for snow is 30 lbs. per square foot of roof. A 
roof sloping at an angle of 60^ to the horizontal would not gener- 
ally need to be figured for snow, unless there were snow guards to 
keep the snow from sliding off. 

The wind is assumed to blow horizontally, and the resulting 
horizontal pressure is generally taken at 40 lbs. per square foot. 
The normal pressure with different slopes on this basis is indicated 
in the following table : 

TABLE XVIIL 

Roof Pressures. 

In pounds per square foot, for an assumed horizontal wind pressure of 40 lbs. per 
square foot. 



Angle of Roof with Horizontal 


5- 


l(f 


20^ 


SO** 


40' 


50' 


60- 


W 


80* 


90* 


Pressure Normal to Surface of 
Roof 


6.0 


9.6 


18.0 


26.4 


33.2 


38.0 


40.0 


40.8 


40.4 


40.0 


Pressure on Horizontal Plane 


4.9 


9.6 


16.8 


22.8 


25.6 


24.4 20.0 

1 


14.0 


6.80 





Pressure on Vertical Plane 


0.4 


1.6 


6.0 


13.2.21.2 


29.2 34.0 

1 


38.4 


30.6 


40.0 
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In the calculation of the maximum strain, the combinations 
of dead load, snow load, and live load should be considered. It is 
not necessary, however, to consider the wind and snow acting on 
the same side at the same time as a wind giving the assumed pres- 
sure would blow all the snow off this side. Wind on one side and 
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snow on the other side, or snow on both sides, generally give the 
maximum live-load strains. 

The total dead and live loads should not be taken as less than 
60 lbs. per square foot, and, in general, the conditions render allow- 
ance for a greater total load necessary. 

The design of trusses will be taken up in the course on 
Theory and Design. 
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CONNECTIONS AND DETAILS OF PRAillNQ. 

Figs. 121 to 126 show types of connections of beams to girders 
and columns. Connections to girders are nearly always of these 
standard forms, which are the Carnegie standards. In certain cases, 
individual shops have forms that vary slightly from these, but not to 
any great degree. It is essential to use the standard form wherever 
possible because these connection angles are always kept in stock, 
and the shop work of laying out and punching the material is 
thereby much simplified. Conditions of framing sometimes arise 
requiring special connections, but these should always be avoided 
if possible. In the smaller shops, an extra charge is generally 
made for coping beams so that where practicable, without increas- 
ing the cost of other portions of the work, it is better to frame 
beams far enough below girders to avoid this coping. The larger 
shops, however, are s» equipped that this coping does not involve 
an extra operation, and a beam that must be cut to exact length, 
and has framing angles, can be coped without extra charge. 

Connections of beams to columns where they frame centrally 
with the columns are of the general type shown by Figs. 95 to 105. 
The exact size of angles varies somewhat with the column section, 
because the riveting in the framing angles must conform^ to the 
spacing required for punching the members of the column. If the 
beams frame into the column eccentrically, no standard forms can 
be followed, but each case must be treated individually. Plate 
and box girders framing into other girders are generally connected 
by angles riveted to the webs, because ordinarily the depths of the 
girders will not allow shelf angles undemeatli. Where such 
girders frame to columns, however, it is better to use shelf angles 
with stiffener angles, or shear angles as they are generally called, 
because this facilitates the erection by providing a seat upon which 
the girders can rest when swung into position, and also because 
side connections would cause bending stresses in the column, as 
noted on page 112. 

Column Caps, Bases and Splices. Where heavy girders or a 
number of beams come over the top of a column, the column 
section should be made up of such shapes and of such size that the 
metal of the column comes as nearly as possible under the metal 
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of the beams or girders. If the girder has stiffener angles over 
the bearing, as it generally does, shear angles should be put in the 
column directly underneath. The webs and stiffener angles of 
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Fig. 127. 

the girders or beams should not bear on an unsupported cap plate, 
but this cap plate should be well supported by shear plates or 
angles. The above is illustrated by Fig. 127. 

Column splices are not ordinarily designed to carry the full 
load of the upper section through the splice to the lower section. 
Such design would result in splices of considerable length, which 
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in some cases would be difficult to arrange and always expensive. 
The general practice is to have the top of the section below and the 
bottom of the section above the joint planed to a true surface so 
that there will be a perfect bearing between them. If tliis is done, 
the load is transmitted from section to section by direct compres- 
sion just as in the body of the column. However, the splice 
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should be designed to give the column the full strength of the 
uncut sectiqn as regards stiffness against lateral deflection. As 
the splice is near the floor beam connections, where the column is 
braced laterally, this can generally be easily accomplished. Types 
of column splices are shown by Figs. 128 and 129. 

Fig. 130 illustrates a connection to column of a beam located 
eccentrically with regard to the column. 

Such connections require an extra number of rivets in addition 
to those required for the direct load in order to resist the tendency 
to rotation due to the eccentricity. 

Some of the special types of framing which occur are shown 
by Figs. 131 to 140. 

Where a beam comes below another beam, as shown in Figs. 
131 and 132, a connection such as shown can be used. If the 
load coming on the hanger is such as to require something stronger 
than a channel, a simpler connection will result by using two 
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channels spread far enough for the connection plate to be riveted 
between, as shown by Fig, 132, instead of a beam. 

A three-beam girder framed to another beam is shown in Fig. 
133. The inside beam can have angles on each side of the web. 
This beam must be placed before the outside beams in order to 
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make this connection. Unless the three beams are spread a con- 
siderable distance apart, the outside beams can have an angle on 
only one side of the web; this angle therefore should be a 6" X 6'^ 
angle in order to get the same number of field rivets as with two 
standard angles. 

Fig. 134 shows a beam dropped below the the top of a 24-inch 
beam girder to which it is framed. With these large size girders 
it is often impossible to make a connection so that the beams will 
frame flush with the girder. 

Figs. 135 and 139 show changes in the position of standard 
framing angles on the sides of webs of beams of different sizes 
framing on opposite sides of the same girder. These changes are 
necessary in order to use the same holds for both connections and 
to keep the connections ♦standai-d. 
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Fig. 138 shows the connection of a beam framing partly 
below and above another beam where the lower flange has to be 
cut. In such cases the angles which are riveted to the web for a 
bearing should extend biick on the web beyond the cut for a dis- 
tance sufficient to get as many rivets in as are required for carry- 
ing the end shear. Therefore in this connection there should be 
at leiist twice the number of rivets required to carry the end 
reaction. 

Figs. 137 and 138 show minimum spacings of beams in order 
that connections may not interfere. 

Fig. 140 sliovvs a beam framing on a skew to another beam. 
If this bevel from the perpendicular is more than one inch per 
foot, bent plates should be used rather than angles. 

Eccentric connections differ in form with the special condi- 
tions of each case but they should be so arranged as to distribute 
the lotui, so far as possible, over the whole area of the column 
section and not entirely on one side. 

The foregoing remarks apply also to tlie design of cast-iron 
web baiies, such as is shown by Figs. 112 and 113. The box of 
the biise should have its metal made to conform in position to the 
metal of the column and the ribs and base plate should be made 
of sufficient thickness to form a base stiff enough to distribute 
the column load uniformly without failure. The tendency in 
such bases is to split along the line of the central box or across 
one comer, and the ribs serve to brace the lower plate and resist 
this tendency. The same tendency would exist in the case of a 
steel plate riveted to the base of the column and the various 
shear plates and angles used in such cases are for the purposes of 
stiffening the plate sufficiently to enable it to distribute the load 
without failure. The design of such steel and cast-iron bases 
will te taken up later. 

Roof Details. Some of the forms of framing met with in 
roofs are illustrated by Figs. 141 to 143. If the roof is framed 
entirely with beams for the purlins and raftei*s, more simple con- 
struction will result if the webs are all placed vertical rather than 
normal to the plane of the roof. The two forms of connections 
are illustrated by Figs. 144 and 145. Where the rafters or purlins 
run over the tops of trusses, however, they are frequently normal 
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to tlie plane of the roof and in such cases the connections are 
generally simpler than where the membei's frame together. 




Relation to Other Work, It is generally necessary to 
exercise care in all special connections not to interfere with the 
architectural features, and to keep the connections within the limits 
fixed by such features. Full-size sections and details should 
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generally be worked out, which will determine the exact relation 
of all portions of the framing to adjacent construction. Such 
details should be followed in common by the structural draftsman 
and the draftsman laying out the stonework or interior finish or 
other adjacent work. 




ScctionA'A 

PiOtLINS Sgr I^TXAl. 



r^m 



Connection fila/e A. 




SecT/ON B-B. 



Inspection. Steel and iron members are inspected in the 
mill, the shop, and on the job. As referred to in the section on 
specifications, the stock from which the material is rolled is 
systematically tested to determine whether or not it comes up to 
the requirement of the standard specifications. When it goes 
into the shop a different kind of inspection is required. First it is 
necessary to see that the drawings are accurately followed botli as 
regards details and sizes of membei's and as regards mciisurements. 
The rivets and holes must be ficcurately spaced and the work 
properly assembled, for if carelessness in such details goes 
unnoted the different members will not go together when brought 
to the job and the whole piece may therefore have to be discarded. 
Secondly, the inspection must cover the quality of the work. 
This latter division applies almost exclusively to riveted work. 
Some of the important points to be noted are tlie following: 
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The members must be straight and free from twists and bends. 
Panelling must be sharp and true and holes must not be more 
than -^ inch larger than the diameter of rivet. Holes must not 
be left with ragged edges after punching. Where Accessary to 
get a clean-cut hole, or where required by the drawings, holes 
must be reamed after punching. 

Members when brought together to be riveted up must have 
tlie holes in the different pieces exactly opposite so as not to 
require drifting in order to bring them together. When driven, 
rivets must completely fdl the holes, and must be of such length 
that, when the head is formed, the pieces will be brought together 
under pressure. Rivet heads must be concentric with the axis of 
the rivet. Column ends or other surfaces specified to be faced 
must be brought to a true surface exactly at right angles with 
the axis of the member. All portions of the material not accessi- 
ble after assembling must be painted before being assembled. 

In inspecting cast iron, tests must be made to determine 
whether or not it comes up to the requirements of the specifica- 
tions a.s regards quality. Inspection must also be made to see if 
the material is free from flaws such as blow holes, pockets of 
sand and unequal distribution of metal. Where the thickness 
cannot be measured readily as in the case of columns, small holes 
are bored to determine this. Where columns are cast in a hori- 
zontal position, as they generally are, the tendency is for the core 
to sag in the center, and therefore it is better to make this test 
near the center. A sharp blow of a hammer will often indicate 
unequal distribution of metal. A clear metallic ring indicates a 
thin shell and a dull heavy sound a thickness of the sliell. If 
the edges are struck with a hammer and pieces fly off under the 
blow this indicates a brittle texture ; a good quality iron should 
show only a slight indentation. Cast iron should be inspected 
also for straightness, accurateness of facing of bearing surfaces, 
and agreement with details. It is better to inspect cast iron 
before it is painted in order to the more easily discover flaws. 

Relation of Ejnzlneer to Architect. An essential feature to 
be observed in all successful designing and detailing by the 
engineer, is co-operation with the work of the architect. This 
may seem to the student, at the outset, as a very simple point and 
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one which will need little special attention. Yet the power to 
fully and quickly grasp the breadth of the architect's design,, and 
its smalleut details as well, and to make the structural design to 
fully harmonize with his work, will come only by persistent effort. 

In some buildings, the work of the engineer, because of the 
character and purpose of the building, would determine conditions 
and features to which the architect must conform, but in general 
the reverse is true. For this reason the burden of harmonizing 
his work is generally put upon the engineer. 

He must see what has been established by the architect and 
how much he must vary the natural course of his design to con- 
form to these conditions. He must often study long, over what at 
first seems scarcely possible to accomplish without clashing with 
the architect's scheme. In the working out of such details and 
problems, he will need all his originality. 

Interpretation of Drawings and Specifications. In prepar- 
ing the working drawings, the draftsman generally has to do with 
the design of another. To this extent, therefore, he is not respon- 
sible for the harmony of the design with the work of other lines. 
He is, however, responsible, if such a conflict of design escapes 
him, for it will be a sure indication that he has not looked at his 
problem from all sides, and in the light of later and more definite 
information which was, perliaps, lacking when the design was first 
made. 

In working up the shop details, the draftsman must sttirt with 
the question constantly in his mind, " How do I know?" He must 
not fix a measurement, nor estiiblish the position and relation to 
other parts of a single piece, unless he finds cojicrete authority in 
the shap6 of plans, specifications, or written directions for so 
doing. Further -than this, he must determine that all the infor- 
mation so given is in agreement, for he will be held responsible for 
failure to discover such disagreements. 

There is a great tendency among those young in experience 
to be guided by what appears to be indicated. Drawings are not 
always made to exact scale and tlie structural draftsman should 
never establish anything by scaling without explicit directicms for 
so doing, and should then make a written record of what has thus 
been established. 
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One of the most important instructions which can be given a 
draftsman, is never to jump at conclusions. Have direct authority 
for all that is done and be sure your authority is not contradicted 
in some other place. Oral instructions should be at once written 
down, as when once followed, they may become a necessary factor 
in other work. If information is lacking or there is a conflict, 
however small, in any of the information which is the basis and 
authority for your work, refer it at once to some one above you 
who can carry it to the one in authority. 

5hop Practice and Use of Detail Shop Drawings. When 
the shop details are prepared they go first, if the stock list has not 
previously been made, to the stock department, and a detailed bill 
of material required in fabrication is made. This is used either 
to make up the rolling lists or the lists of stock to be taken from 
the yard. The next step is the making of templates. These are 
patterns in wood of the exact size and shape of each piece, with the 
holes located, so that they can be used to mark out the piece itself. 
Formerly, the template maker did a good deal of the work now 
done by the draftsman, but in most shops the policy at present is 
to do as much in the engineering department as possible and to 
leave nothing to be worked out in the template room or shop. 

The templates are sent to the shop and the material goes from 
one machine to another, being cut to length, coped, mitred, bevelled, 
sheared and punched as required. 

When all the pieces are ready they go to the Assembly Shop 
and are then riveted up to form the finished piece as required by 
the drawings. Each piece has its letter or mark to designate it in 
its passage from the template room to the Assembly Shop; and 
when the whole piece is assembled it has a mark conforming to 
what is given on the setting or erection drawing, so that, when 
received at the job, the erectors will know where it goes. 

The final work is the painting, marking, invoicing and weigh- 
ing and then the shipment. 

Relation of Shop Drawings. The basis of all shop details is 
the setting plan, or erection plan. This shows the framing of the 
floors and roof, generally a separate plan being required for each 
floor and one for tlio roof. This framing plan has all the necessary 
dimensions to fix the location of each piece, the numbers or marks 
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designating each piece, the size of piece, and such necessary sec- 
tions and notes as are required to fix the relation of the dififerent 
members and to cover any special features. 

Each piece must be detailed fully, with cuts, punchings, and 
framings clearly shown. In general, a standard size beam sheet, col- 
umn sheet, and girder sheet are used; truss sheets are made to 
standard sizes as far as possible but on account of the different 
types and sizes of trusses, more variation is necessary. 

Only one tier of beams is put on a single sheet even if of 
identical detail ; also but one section of columns is covered by the 
same details. If tlie drawings are going into the mill, a further 
separation of the different sizes and shapes is necessary so that 
materials which have to be made in different mills shall not be 
detailed on the same sheet. 

Standard Forms. The specific types of sheets and details 
will be taken up later. 

There are standard forms of connections which cover all but 
special cases and which are used wherever practicable. 

Figs. 146 to 148 show framed, coped, and bevelled beams. 

There are certain conventional sizes and standards which 
should be known to those who have anything to do with working 
drawings. 

A setting plan can be so jumbled and confused by careless 
arrangement of data, and by poor execution that it will take 
longer for the man on the job or in the shop to determine its inten- 
tion than to work out independently what he wants to know. 
The di-aftsman should aim to put himself in the place of the shop 
foreman or erector, who, when he takes up the work, must rely 
entirely on this plan for all the information. He must aim to 
give all the necessary information and give it so plainly that it can 
be quickly seen and cannot be misinterpreted. 

Wall lines are shown b}' red lines in order not to be confused 
with the beam lines. The walls shown are those upon which the 
beams rest. For instance, the setting plan of the first floor beams 
will have the basement walls shown and the second floor plan will 
have the first story walls shown. Columns are represented by a 
single line indicating the members composing the columns ; this 
is illustrated by the columns shown in Plate I. It is important to 
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indicate clearly the composing elements so as to show which way 
the web of the column sets. 

Beams and girders are indicated by single lines corresponding 
to the center lines of webs of beams and backs of channels. All 
lines indicating the steel members should be heavy black lines. 
Beams framing into a girder or column are indicated by stopping 
the line of this beam a little short of the line of the girder or of 
the column. Where a beam runs over another, the lines indicat- 
ing them cross or, if there is likely to be a question, a note is put 
on to this effect . 

Lintel beams are shown on the framing plan of the floor just 
above the opening ; for insUmce, lintels over the first story open- 
ings would be shown on the second floor plan. 

Measurement lines are put on in red, and should locate all 
bearing walls and all columns and each piece of steel. Beams are 
located b}^ their center lines ; measurements to a channel should 
go to the back. Channels placed against a masonry wall are 
generally put with their backs one-half inch away from the 
wall. 

Tie rods are not located by dimensions on the plans except 
in special cases where a rod must come in a definite position to 
escape some other member. 

The size of beams are marked along the line indicating the 
beam. In cases where there are a number of beams in the same 
bay of the same size, it is better to use the symbol " do " or write 
the size once and indicate on the drawing. 

Each piece is given a number.^ The pieces maybe numbered 
consecutively or.it is the practice in some cases to give the same 
number to all beams which are identical i\s regards size and detail. 
In all cases, the number or letter which serves to identify the 
piece should be put on conspicuously as this is what should be 
easily seen when using the plan. 

• The size of bearing plates should be specified either at the 
wall end of the beam or by a general note, giving the sizes of 
plates for different sizes of beams. 

The general notes should also give the letter designating the 
floor as " A " for first floor, " B " for second floor, etc. 

The grade of underside of all beams should be given in the 
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body of the plan or by general notes and the relations of tops 
or bottoms of all beams to each other and to the finished floor 
line. 

Sections should be made showing the framing over windows 
and of all special connections, and the relation of the different 
members to each other. In short, the setting plan must be a com- 
plete and final expression of all the data which has been gleaned 
from the general plans and specifications, and must be a guide to 
the shop man and the man at the job in fabricating, shipping, and 
putting the frames together. 

Beams are generally marked thus : "A-No.l25," or " D-No. 56 ;" 
the lowest tier of beams being given the first letter in the alphabet, 
and so on in order, or First Floor No. 125, Fourth Floor No. 56, 
and so on. 

Columns are generally marked " 1st Section No. 10 " or " 3rd 
Section No. 5." Columns are sometimes made in only one story 
lengths but more often in two. They are sometimes marked thus : 
Col. No. 10 (0-2) or Col. No. 5 (4-6). 

The joint in a line of columns should come just above the 
connection of the floor beams. 

riill or 5hop Invoices. These are detailed schedules sent 
out by the mill when shipments are made. They give the desig- 
nation of the piece with its weight and all connections and the 
mill marks, also the marks identifying it on the setting plan. 
These invoices are valuable as showing just what material has 
been shipped and in what car and on what date, and also sei-ve to 
fix the weight wlien this is made the basis of payment. A form 
of invoice used by the mills of the Carnegie Steel Company is 
given by Fig. 149. 

Estimatitin:. In making an estimate of the cost of steel work, 
the basis is always the weight of steel of different kinds. -This is 
determined by taking from the general or framing plans a detailed 
schedule of each piece of steel. As framing plans are always 
shown to a small scale and include only the general features of 
the framing, this work requires special training before it can be 
done accurately and in the most efficient manner. 

In taking off quantities, the estimator generally scales the 
lengths as these are not usually gisren by figures. A test of 
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meiisurements given by the general plans should be made when 
possible, to see how nearly to scale the drawings are made. A 
close estimate should not vary much more than 2| % or 3 % from 
the actual weight, so it will be seen that considerable care is 
necessary. 

CARNEGE STEEL COMPANY. 
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Individual estimators have different methods of separating 
the different classes of material. 

The following are the general divisions of material : 
I. Beams and channels 15 inches and under. 

(a). Plain beams and channels. 

(6). Beams and channels, punched two or more sizes of 
holes in web. 

(d). Beams and channels, punched in web and flanges. 

(6). Framed beams and channels. 

(/.) Framed and coped beams and channels. 
IL Beams and channels 18 inches and above. 

The above divisions apply also to these sizes of l^eams and 
channels. 

Tliere is aJi extra charge for all Ix^ams and channels over 15 
inches deep, therefore these sizes must Ix? separated. 

Further, all the other shapes must be kept separated from 
beams and classified by themselves in a manner similar to the 
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division of beams. For instance, the members composing the 
columns as plates, channels, angles, zee bars, etc., are each kept 
by themselves. 

All connections of beams to girders and columns are charged 
at a different price from ordinary angles or plates, and must there- 
fore be figured separately. In a like manner tie rods, anchors, 
beam plates, column bases, separators and bolts all are chissified 
separately. 

It is evident that these different divisions cannot be made at 
the time the schedule is taken from the phins, and it is customary 
t<) take off the material in order as it appeal's on the plans, and by 
some system of marking designate the class to which the piece 
belongs. The separation is then made when tlie weights are cal- 
culated and the quantities are being totaled. 

It is also evident that such things as separatoi-s, framing, 
connections, splices^ and otlier detiiils cannot be taken directly 
from the plans, but must be Calculated largely by the judgment of 
the estimator. He must be able to see just what diameter of 
connection is required in order to classify correctly his material 
as he takes it off. 

Effect of Changes. Changes in details must sometimes be 
made from causes beyond the control of the draftsman. A 
change in the location of certain members, or the general arrange- 
ment at a certain point, may make it necessary to revise dravvuigs 
already made and perhaps sent to the shop. In such ca«es, the 
drawing generally bears the same number and is marked revised. 
In case additional sheets must be prepared, of course new num- 
bers are given to them. In sending out a revised dra\xing, 
instructions should be sent to have the original sheets returned in 
order that they may all be destroyed and thus remove all liability 
of the material being made up by the old drawings. Revising 
details already completed and checked are fruitful sources of 
errors. Unless the greatest care is exercised, the changes made 
will affect the relations to some other members and the details of 
some other portions of the work not at first apparent. The drafts- 
man should have this point always in mind and review all possible 
connections to other work when revising any details. 

Use of Details in the Work. The detail drawings must 
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frequently be used in determining features of other work and in 
laying out such work, and for this purpose the detail drawings 
should contain information enough to establish the relation of 
the steel to such working lines as finished floor levels, datura 
line, ashlar line, party line, and such other lines used in the 
general drawings to establish the relations of the different parts 
of the work. 

FOUNDATIONS. 

There are three general types of foundations. 

(1) Spread foundationg. 

(2) Foundations to bed rock by piers or caissons. 

(3) Pile foundations. 

The form of foundation used depends largely on the charac- 



ter of underlying soil, and the 
amount and arrangement of the 
loads and the depths which can 
be allowed for foundation. 

Spread Foundations. This 
general division covers all forms 
of construction in which the 
foundations are spread out suffi- 
ciently, either by offsets of 
masonry or by steel beam grill- 
age, to distribute the load with- 
out exceeding the safe-bearing 
capacity of the soil. Fig. 150 
shows a masonry footing and Fig. 
151 a grillage footing. Bearing 
capacity of soils vary consider- 
ably and there are no rigid 
limits fixing the allowable bear- 
ing values of different kinds of 
soil. Table XIX represents 
good, general practice. 
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Fig. 150. 



In some localities, notably Chicago, footings, if they are to 
be spread, require the use of beams because of the relatively thin 
bearing stratum, the low allowable bearing value, and the magni- 
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tude of the loads to be supported. To offset by successive layers 
of masonry would require too great a depth for the thin layer of 
hard clay; it thus necessitates the use of grillage beams. In 
other places either masonry offsets or grillage could be used. 
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Fig. 151. 

In Boston the usual soil encountered is a stiff blue or yellow 
clay, 15 feet or more thick and underlaid with a boulder clay of 
varying depth, but generally of from 15 to 75 feet. Under these 
conditions footings for isolated columns are very commonly made 
by offsetting the masonrj'^ until the required area is gained. In 
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some cases the water level and a combination of footings may 
make it desirable to spread by means of beams. 

Caisson Foundations. In a yielding soil, or where the area 
available for spread footings is not sufficient, or where these foot- 
ings would be excessive in size, foundations are often carried to 
bed rock. 

The most common method is by the use of compressed air. 
Generally steel caissons, of the size of the pier, are used. These 
caiscjons have their edges extending below an air-tight floor, thus 
forming what is called the working chamber. Compressed air is 
forced into this chamber which keeps out water and soft material 
and enables workmen to excavate. The workmen gain access 
through air-tight shafts with double sets of doors fonning an air- 
lock between the pressure below and above ; they of coui-se work 
under the pressure of the compressed air. The material exca- 
vated is hoisted up through shafts and the caisson is sunk by 
building up the masonry foundation in the caisson at the same 
time the excavation is going on and this weight sinks it down. 
When the caisson has reached the grade at which it is to rest, the 
working chamber is filled with concrete making a solid founda- 
tion. . 

Pile Foundations. Piles support their load both because of 
the friction between their surface and the surrounding soil and 
because of resting on solid stratum at the bottom. In some cases 
probably the greatest support is from the friction on the surface 
of the piles. They should be driven into a solid stratum far 
enough to resist any tendency to. side deflection. In some 
instances, notably in old wharf construction, the piles have been 
driven through a soft mud perhaps fifteen or twenty feet, and 
only a few feet into the hard clay below. In such cases the piles 
have deflected under heavy loads, and have assumed an inclined 
position, their tops having moved laterally ten or twelve feet. 
This of course causes failure. 

Piles should be driven with care so as to be kept in line, and 
the blows should not be so heavy as to cause brooming either of 
the head or point. A number of rules are given for driving piles 
and for determining the load they will support Two rules in 
common use are the following: 
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Baker 

P =100 [)J \V A-f (50d)2 —60 rf] 

W = weight of ram in tons 

w = height of fall in feet 

d = penetration at last blow in feet 

p z=z pressure in tons to just move pile. 

The last blow must be struck on sound wood. 
Trautwine 

46 W ^h 



P = 



1 -f 12 d 



In determining this last penetration it should be observed 
that the pile must be driven continuously, as, if allowed to stand 
some time between blows the soil becomes settled around the pile 
and the friction thus makes the penetration much less. 

Some authorities advocate driving piles with the bark on and 
some with it off. If the bark is on, the piles should be cut in the 
fall as otherwise the sap between the bark and wood will ulti- 
mately cause the two to separate and the pile to slip within its 
bark. 

The building laws of some cities require the piles to be 
camped directly with granite levelers ; most authorities, however, 
prefer a thick bed of concrete encasing the heads of the piles and 
capping them at the same time. 

The factor of safety should be from 2 to 12, varying with the 
accuracy of the knowledge of the loads to be carried and with 
the closeness with which the formulae used fits the conditions of 
the special case. Fig. 152 shows a footing supported by piles. 

Fundamental Principles. The essential points in the 
design of foundations is not to overload the soil so as to cause 
excessive settlement, and to so arrange and distribute the loads as 
to cause the settlement to be uniform. Some settlement is practi- 
cally sure to occur in almost all cases, but unequal settlement 
causes strains in the structure and cracks in the masonry. 

If the supporting power of the soil is nearly uniform over 
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the whole area of the building, the first problem is to determine 
the amount of load on each footing. This is not as simple as 
would at first appear. Not only is it uncertain just how much 
live load will be carried, but also what proportion of the whole 
building will be loaded with this live load. 

Furthermore the dead load carried by the columns support- 
ing the walls forms a much larger 
proportion of the total load on 
these columns than does the dead 
load carried by the interior columns. 
The dijBferent proportion of loading 
on the columns must, therefore, be 
brought to a common basis by 
some assumption. In the case of 
office buildings, the actual live 
load which reaches the founda- 
tions is probably a small proportion 
of the total live load calculated 
over the whole area of all the 
floors. Moreover, the building has 
considerable time to settle from its 
dead load before any live load 
comes upon it. In order, therefore, 
to harmonize the settlement be- 
tween wall and interior columns it 
is better to use as a basis the dead 
loads and a certain percentage of 
the live loads — say 25 per cent. 
A table should be made of the dead load and 25 per cent of the 
live load of each column footing. The areas should then be made 
such that these loads on the soil would be the same per square foot 
in each case. Care must be exercised that in so doing, the total 
load of dead and live, or if the building laws under which the 
work is done permit of a reduction in live load, that this percent- 
age of live and dead does not bring the load per square foot above 
the specified amount. In general, this will not be the case if the 
column footing, in which the proportion of dead plus 25 per cent 
live to the total load is the least, is first proportioned for total load 
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and the others then made proportional to it. The following 
example will illustrate this point. 

Problem. Suppose columns as follows : 

No. 1 Dead+26% live=407,00O. Total load=629,000 
No. 2 Dead+25% I i ve= 190,000. Total load=2 46,000 
No. 3 Dead+25% live=276,000. Total load=:465,000 

Maximum allowable bearing on soil from total load to be 
6,000 pounds per square foot. 

In No. 1 the dead+25% live is 64.5% of the total load on this column. 
In No. 2 the dead+25% live is 80 % of the total load on this column. 
In No. 3 the dead+25% live is 59.2% of the total load on this column. 

If then, we take column No. 3 as the basis we have the 
required area equal to 465,000 divided by 5,000 or 93 square 
feet. This gives 2,960 pounds per square foot from the dead + 
26% live load. 

For No. 1 in order to have the pressure from the dead -\-25% 
live the same as in No. 3 we shall require 407,000 divided by 
2,960 or 137.5 square feet. This area gives 4,560 pounds per 
square foot pressure from the total load. 

In column No. 2 we have 196,000 divided by 2,960 or 66 
square feet required, and the pressure from the total load is 3,700 
pounds per square foot. 

A further provision which must be made is to bring the 
center of gravity of the resisting area, or loaded area, coincident 
with the axis of the load* The same principle of a strut eccentric- 
ally loaded applies to a footing in which eccentricity of loading 
exists. In such a case equal distribution on the soil is impossible 
as the side on which eccentricity exists will always be loaded the 
most. Furthermore, a bending moment, as in a strut similarly 
loaded, will occur in the foundations, and even a slight eccentric- 
ity, if the load is consideraUe, will cause heavy strains in the 
footing. This latter point is sometimes difficult to accomplish 
because of the restricted area available for the footings. In some 
cases the loading and bearing capacity make it necessary to com- 
bine the footings of several columns, or the necessity of combin- 
ing the foundations under an old wall with new footings, or 
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of providing for a future wall or column on the same foot- 
ing, or of keeping the footing for a column in a party wall 
entirely within the party line, — any or all of these conditions may 
make it impossible to fulfil exactly the conditions previously men- 
tioned. Departure from these principles should be as slight as 
possible, and when necessary direct provision should be made for 
the additional strains consequent thereon. 

The necessity of keeping footings inside of party lines, and 
the desire to make tiie axis of load conform to the center of grav- 
ity of area, sometimes results in the use of cantilever construction. 
These cantilevers are in some cases laid directly over the beams 
forming the grillage in the footing. This construction makes the 
actual point of application of the loads uncertain as any deflection 
would tend to throw the load on the outer beams. A better con- 
struction is the use of a shoe with a pin bearing. 

Improvement of Bearing: Power. The supporting power of 
all soils is improved by compacting, by mixing sand or gravel or 
by driving piles which prevent the spreading of the soil as well 4is 
compacting it. Drainage of a wet soil also greatly improves its 
bearing power. • 

The following table taken fiom Baker's " Treatise on Masonry 
Construction," gives values for general use in determining the 
bearing power of soils : 

TABLE XIX. 

Safe Bearing Power 
Tons per Sq. Foot. 

Clay in thick beds, always dry 4 to 6 

Clay in thick beds, moderately dry 2 to 4 

Clay soft 1 to 2 

Gravel and Coarse Sand, well cemented 8 to 10 

Sand compact and well cemented 4 to 6 

Sand clean and dry 2 to 4 

Quicksand, alluvial soils, etc >^ to 1 

The bearing power of clay depends largely upon the degree 
of moisture. 

Foundations on clay, containing much water, and undrained, 
are liable to settlements from the escape of the water either by 
adjacent excavations, or by the squeezing out of the water. 
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Moist clay in inclined strata is liable to slide when loaded. 
Clay mixed with sand or gravel will bear more load than pure 
clay. Sand will bear more load than ordinary clay, and when in 
beds of sufficient thickness and extent to prevent running, will 
bear heavy loads with little settlement. Sand sufficiently fluid to 
run, as quicksand, cannot be easily employed to carry foundations. 
Grillage Foundations. The simple grillage foundation is 
illustrated by Fig. 151. The method of calculating the beams 
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Fig. 153. 

composing the grillage involves assumptions as to the conditions 
of distribution of loading and stresses. One method is given in 
Cambria, Page 263. This method involves the assumption that 
the beams can deflect from the line of axis of column. Such a 
condition, however, would lead to the cast-iron biuse bearing at its 
outer edges only ; this would involve strains for which these 
bases are rarely designed. Another assumption and one more in 
harmony with the assumption of the ordinary beam theor}', is that 
the beams of the upper tier are fixed for the portion under the 
column base. Under this assumption the load is distributed uni- 
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formly by the upper tier and the stress in the free portion is 
calculated by the formula for a beam fixed at one end and free at 
the other. 

Referring to Fig. 153 ; suppose the column load is P, and 
by the principles already given the extreme dimensions of footing 
are L and L' in feet. The length of the beams in the two tiers 
can be taken as L and U also. Then if b and 6' are the dimen- 
sions in feet of the column base, and the beams in the upper tier 
are placed the same width out to out of flanges as the column 

base, ~ = projection of the upper tier, and — III— = projection 
2 ^ 

of the lower tier. The load per square foot on the upper tier is 

P P 

, and on the lower tier is -— ^ -. The moment in inch pounds, 

b' Li L L 

therefore, is M = J X ^rjj- ^ ~^ X 12 

P 

= I X J- (L — 5)2 for the upper tier 

andM' = . x^. X i^^Vx 12 

P 

= 2 >^ I7(^^'"~ *')^ ^^^' *'^® lower tier. 

These formulas give the total moment borne by all the beams 
in the tier. The number of bieams is generally determined by the 
dimensions of the footing, the beams of the upper tier being 
placed with their flanges generally not much more than 6 inches 
apart in the clear, and those of the lower tier from 6 inches to 12 
inches. The number of beams being determined, the moment 
each bears is obtained by dividing the total moment by the num- 
ber of beams ; and by dividing this individual moment by the 
allowable fibre stress the required moment of resistance and 
hence the size of beams is obtained. Since the concrete and steel 
act together, a higher fibre strain can be safely allowed ; this 
should in general be not more than 20,000 pounds per square inch, 
however. 

Some trial and reproportioning of dimensions may sometimes 
be necessary to keep within the limits of depth and number of 
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beams desired. Grillage beams in foundations should have the 
concrete thoroughly tamped around them, and it is preferable 
that the steel should be coated with neat cement instead of a coat 
of paint. 
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The following problem will illustrate the method of proce- 
dure in the case of combined footings. 

Suppose two columns loaded and spaced as shown by Fig. 

154, and let the allowable bearing on soil be 5,000 pounds per 

square foot. Let the dimensions of the footing be 20' — O" X H' 

— O"=220 square feet. The determination of the size of base is 

largely a matter of judgment and depends upon the amount of 

load and the degree of spreading necessary to keep the size of 

grillage beams, or masonry offfeets, within the limits which are 

economical. Suppose in this case the base is 3' — 6" X 3' — 6/ The 

. , . . , . 1,100,000 

load per square foot in the upper tier is therefore qa w q r - = 

15,714 pounds. The moment on this tier will be a maximum 

either at one of the columns or at some point between them. The 

600,000X11 
center of gravity of load is i inn 000 = ^^ ^^ 6 feet from the 

lighter load. Tins fixes the projection of the footing beyond the 
loads as 4 feet from the light load and 5 feet from the heavy load. 
The beams between the column loads are in the condition of a 
beam fixed at the ends and loaded with a uniformly distributed 
load. The moment may therefore l)e taken as approximately | of 
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that for a beam simply supported. The moment between the 
columns will be a maximum where the shear is zero. To deter- 
mine this start from one end, say the left-hand end, and deter- 
mine the distance to the point of no shear by dividing the 

600,000 
concentrated load by the load per linear foot; ..^^^ =10.9. 

If the load is assumed uniformly distributed over the upper tier 
the greatest moment outside of the column load will be at the end 
having the greatest free length. The maximum moment there- 
fore in this case will be at the edge of the base plate of the colymn 
at the left-hand end or 10.9 feet from this end. Call these 
moments M and M' respectively. 

M = i X 65,000 X 3.26 X 3-26 X 12 
= 3,487,000 inch pounds 
and M' = § X [65,000 X 10.9x5.45 — 600,000 X 5.9] X 12 
= 2,181,800 inch pounds. 

It the allowable fibre strain is taken at 18,000 pounds per 

. , ^ . , . . 3,487,000 

square inch, the required moment of resistance = — i c~ooo~ "^ 

194. 

The offsets in masonry footings can be determined by the 
formula for a beam fixed at one end and loaded uniformly. A 
general practice and one in fairly close accord with the results of 
the above formula is to draw lines at 60 degrees with th^ horizon- 
tal from the edges of the column bases and where these cross the 
joint lines (the thickness of the courses having been assumed) 
will be the vertical face of the course. When the structure is of 
such a character that wind load affects the foundations, this 
must be considered in addition to the other live loads. Such 
cases would be narrow and very high buildings, chimneys, monu- 
ments, etc. 

While the concrete and imbedded steel beams in a footing 
are undoubtedly much stronger than the simple beams, it is not 
customary to figure the beams in such cases by the theory apply- 
ing to steel imbedded simply in the tension side of concrete. Foot- 
ings of this character are employed sometimes and their design 
will be taken up later. 
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Cantilever Foundations. The case of oantilever constinictlon 
supporting a party wall is illustrated in Fig. 155. Let P be the 
wall column load, a the distance in feet from wall column to the 
pin bearing forming the fulcrum, and b the distance in feet from 




,>4 







fulcrum to column at opposite end of cantilever. Then the load 
on fulcrum is 1 . The distance a should be taken so that 



the fulcrum can be at the center of the footing and still keep 
within the party lines. Sometimes this cannot be done, and then 
the footing has to be designed to take account of this eccentricity 
of bearing. The cantilever is designed by determining the maxi- 
mum moment and shear. The maximum moment in the above 
case is at the fulcrum and is Pa in foot pounds. In case the 
girder is a riveted girder, as is often the case, other features must 
be considered in its design, as will be explained later. 

In case the cantilever is in the floor, as it sometimes is, as 
shown by Fig. 15(3, and in addition to the wall column, carries a 
floor load, then the position of maximum moment must be deter- 
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mined in a manner similar to that explained for combined footings. 
The connection of the cantilever at the interior column must be 
designed to resist this upward tendency and in case the reaction 
from the dead-wall load is greater than the dead load carried by 
this column the cantilever arm should be extended to the next 
column so as to decrease this reaction ; or the column must be an- 
chored and all connections designed to resist this upward reaction. 



RETAIMiG WALL, 




Fig. 166. 

Fig. 156 shows also a steel concrete retaining wall to hold up 
the earth under an adjoining building which foots some dis* 
tance above the new foundations. 

Fig. 157 illustrates the case of a party wall foundation 
designed to carry a future wall column for the adjoining building 
and the column of the present building. The eccentricity of 
bearing is shown in this case, and this and the necessity of spread- 
ing in the direction of the wall rather than across it are the 
important features. 
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^ FOOTING TO CARRY aO PARTY WALL. 
AtiD COLUMTHS FDR NEW BLBLDHSO. 




PUN OF FOOTINGS AT -CORNER 
UNDER CORNER COLUMN At'D OLD WALL. 
Fig. 157. 



166 



Digitized by 



Google 



STEEL CONSTRUCTION 159 

The matter of design of foundations is one always requiring 
accurate knowledge of the special conditions incident to the prob- 
lem and the nature of the soil, and is largely influenced by prao- 
tical considerations and the judgment of the designer. It is not 
safe to lay doWn any fixed values to be followed in all cases. 
Foundations in soil which are at all questionable, should never be 
designed except by an expert, who is capable of judging the extent 
to which the ordinaiy methods of procedure must be modified. 

Retaining Walls are walls built to resist the thrust of earth 
pressure. These walls may also be bearing walls for loads above. 
The pressure of earth tends to cause failure of the wall in the 
following ways : 

(1). To slide on its base. 

(2). To slide on some horizontal joint. 

(3). To overturn bodily. 

(4). To fail by buckling. 

To resist the tendency to slide on its base, the dead weight 
of the wall, or of the wall and the load it cariies, must be suflicient 
to resist the horizontal pressure without exceeding the coefficient 
of friction between the material of the wall and the surface upon 
which it rests. 

To resist the second tendency the weight above any joint 
must be sufficient to resist the pressure above the joint without 
exceeding the coefficient of friction of masoniy upon masonry. 

The overturning moment of the earth pressure about the 
edge of rotation must be balanced by the moment of the weight 
of the wall and of the superimposed load about the same edge. • 

The fourth condition applies only to retaining walls supported 
at their tops and built generally of concrete and steel. A retain- 
ing wall so supported would have to resist tension in one side 
and, as a masonry joint is not intended to resist tension, such 
construction involves the use of steel. Such construction is 
becoming more common on account of the saving in space due to 
the thinness of the wall. In Fig. 166 is shown such a wall. 
The tensile strength is supplied by the beams running horizontally 
and the twisted vertical rods. 

The resulting pressure due to the thrust of the earth and the 
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weight of wall and superimposed load must fall within the base in 
order to give equilibrium, and within the middle third of the base 
to avoid tension on the masonry joints. Figs. 158-159 show 
types of retaining walls. 








7yp£s of Concrete 
Retaining Walls. 



' Fi^. m. 




FigJS9. 



Underpinning: Shoring and Sheath Piling. Underpinning 
is the term given to the processes of carrying down old founda- 
tions or walls adjacent to new construction to the level of the new 
construction. 

It very often happens that footings of new buildings will be 
twenty or thirty feet below the bottom of the footings of the 
walls of an adjacent old building. To leave the old footings at 
this higher level after the excavation of the new building is 
made, would necessitate making the wall heavy enough to act as 
a retaining wall, to resist the pressure on the soil back of it. It is 
generally more practicable, therefore, to hold up the old wall 
temporarily by timber braces, needles, wedges, etc., and build new 
work up under it from the level of the footings of the new 
buildings. This new foundation under the old wall is called 
underpinning, and the construction necessary to hold it in place, 
during the process of undei^inning, is called shoring. This latter 
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term applies to all bracing of old walls or adjacent co:!struction 
during the construction of the new work, whether the wall is 
underpinned or not. 

Where a mass of earth is to be held in place to enable new excar 
vation tobe made without disturbing it, heavy planks set edge to edge 
are driven down as the excavation proceeds, and braced at inter- 
vals by breast pieces or heavy timbers to keep the plank from 
bulging under the pressure of the earth. This construction is 
called sheath piling. The planks, generally, are pulled out after 
the wall, which is designed to permanently hold the earth in place, 
is built ; sometimes, however, it is left in place. 

HIGH BUILDING CONSTRUCTION. 

Orig:in of the Types. Iron has been employed extensively 
in buildings for many years. The first building in this country 
of what is now known as the skeleton type of construction, was 
the Home Fire Insurance Company Building, built in Chicago in 
1883, of which Mr. W. L. B. Jenney was the architect. 

As this was an epoch-making event, it is important to know 
a few of the details of this building. In an account published in The 
Engineering Record of January 6, 1894, Mr. Jenney says: ''The 
problem presented by them was to so arrange the openings that 
all stories above the second or bank floor could be divided to give 
the maximum number of small offices — say about 12 feet in 
width — each with its windows conveniently placed and sufficient 
to abundantly light the entire room. The work was planned 
quite satisfactorily, but the calculations showed that a material 
with very much higher crushing strength than brick was neces- 
sary for the piers. Iron naturally suggested itself, and an iron 
column was placed inside of each pier." The chief departure 
was in making the columns bear all the loads, the walls between 
the piers supporting only their dead weight for a single story in 
height. Mr. Jenney states that the difficulty which was feared 
from the expansion and contraction of the iron columns led to the 
supporting of the walls and floors independently on the columns. 
The colunms were of cast iron of box section, and the walls weie 
supported on cast-iron box lintels, resting on brackets cm the 
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columns. The floor loads were carried by iron beams, although a 
few Bessemer steel beams were used, these being the first to be 
used in this country. 

Since the connections were by bolts, the beams were con- 
nected together by a bar running through the cast-iron columns, in 
order to secure a more rigid frame. 

The chief advance from that day is in the substitution of 
steel for all members in high-building construction, and in the 
development of details in the connections of the members. 

Types In Use. There are three main typed of high build- 
ings: 

1. The class in which the exterior walls are self-supporting, 
and are designed also to support the ends of the girders caiTying 
the floors. The floor loads inside the walls are carried by steel 
beams and girders framed between steel or cast-iron columns. 

2. In the second class, the exterior walls are self-supporting 
but the wall ends of floor girders are carried by steel girders and 
columns. 

3. In the third class, the steel frame is a complete unit in 
itself, and carries all floor loads, and, also, the load of the walls 
themselves. This latter is the pure skeleton type and the more 
common form of construction. 

Effect on Foundations. The different types have an impor- 
tant effect on the design of the foundations, and in some cases fix 
their character. 

In the firat type, the benefit of isolated columns with inde- 
pendent foundations is largely lost, as unequal settlements in the 
walls themselves and in the walls and columns are likely to 
result. 

In the second type, as all loads are carried on columns which 
have isolated footings, more equal settlement will probably result, 
and in the event of the walls settling unequally with respect to 
the columns, would not affect the steel frame. 

In the third class all foundations are generally in effect of 
the character of isolated piers which can be proportioned to give 
nearly uniform settlements. 

When a party wall makes it desirable to keep all foundations 
inside of the building by means of a cantilever construction it 
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can be more readily done in buildings of the third class than in 
any other type. 

Effect of Wind Pressure. Probably the most distinctive 
problem in high-building construction is the provision for lateral 
strains in the framework, due to wind pressure. The amount of 
these strains varies, of course, with the relation of the height of 
the building to the dimensions of its base and to its exposure on 
different sides. In the earlier designs, much more complete pro- 
vision was made for such strains than is now the practice. The 
laws of some cities, Chicago and Boston for instance, now limit 
the height to about 125 feet above the street. In other cities, 
notably New York, buildings of 350 feet or more are allowed. 
In New York, in buildings having an exposed height of four times 
or less the least dimension of the base of the building, no special 
consideration of wind strains is proscribed. ' 

-^ In buildings where the ^alls are of solid masonry construc- 
tion and of moderate height, it is not necessary to consider the 
effect of wind pressure, as the dead weight of the masonry and 
the stiffness afforded by cross walls, and partitions are sufficient to 
resist the effect of the wind, under ordinary conditions. With 
tlie light steel skeleton buildings carried to the height of the modern 
buildings, the elasticity of the steel frame makes it necessary, 
under certain conditions, to consider wind pressure. The walls 
l)eing merely thin coverings, and the partitions also thin and not 
bonded to the walls, it is apparent that the frame itself must pro- 
vide all the resistance. 

The effect of wind blowing against the exposed surface of a 
building is 

(1) To produce an overturning moment tending to tip the 
whole building over, 

(2) To shear off the connections of the columns to each 
other, and to cause the floors to slide horizontally, 

(3) To slide the whole building horizontally on its founda- 
tion, 

(4) To twist or distort the frame. 

In buildings of usual proportions of height to base, the dead 
weighty even in the skeleton type, is sufficient to resist a bodily 
overturning. Some buildings have been built, however, that are 
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almost of the character of towers or monuments, where this effect 
must be considered, and provision made for it, by anchoring to the 
foundations. The action under such conditions will be under- 
stood by referring to Fig. 160 which shows the outline of a nar 
row building, having columns only in the walls. The building 
would tend to tip about the side opposite to that upon which the 
wind is blowing, and the columns on the wind side would be in 
tension, due to the action of the wind. If the load on these 
columns due to the weight of construction and a small percentage 
of the live load, to cover weight of fixtures in the old buildings, 
were less than this tension, the difference would constitute the 
strain on the anchorage. If the building were safe against over- 
turning, it would ordinarily be safe against sliding bodily, as will 
be seen from the following consideration : 

Suppose a =. the width of base 

h = the height above ground 

p = the wind pressure per square foot 

w = the dead weight necessary to resist overturning 

/ =2 the allowable coefiBcient of friction on the 

foundations 
b = length of building 

Then assuming the whole surface acted upon by the wind, and 
the weight of the building acting through its center of gi-avity 

pbh^ 

w = — - — 

a 

In order, therefore, for the building of the above weight to slide 
fw = p b h 

p b h a a 
^^ pbh^ =A 

As the allowable coefficient can safely be taken at .40 this means 
that for the sliding tendency to be considered the width of base 
must be .40 or more of the height. 

Buildings in which the overturning effect would need to be 
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considered would have a base much narrower than .40 the height 
so that it is safe to say a narrow building, if safe against overturn- 
ing, would be safe against sliding. 

A further point in this connection is, that ordinarily, the 
columns do not stop at the ground level, but extend below and 
therefore have the resistance of the adjacent ground against 
sliding. 

The tendency to shear the connections, and to twist and dis- 
tort the frame, are ordinarily the most important features of wind 
pressure Jind these effects are always present in a high building 
exposed to wind. The connections necessary for framing the 
floors and columns may sometimes of themselves be sufficient to 
provide for these sti-ains ; in other cases special provision must be 
made. 

Wind Bracing. Where special provision has been made it 
has generally been by vertical bracing between columns, either in 
the form of diagonal members, similar to the web members of a 
truss, or by portal bracing in the form of a stiffened plate arched 
between columns, or by knee braces between the columns and the 
horizontal members. A modification of the two latter forms has 
of late years resulted in using a deep girder at the floor levels, in 
the walls between columns. These different types of bracing are 
illustrated by Figs. 160 to 163. Their calculation will be con- 
sidered later. There is always some vibration in high buildings 
exposed to a severe wind, as has been sho^vn by plumb lines hung 
in shafts from the top of the building. 

The wall covering being carried by the steel frame has 
greatly changed the methods of erecting a building. Now, the 
frame is carried up a number of stories, perhaps to its full height, 
before any work on the walls is commenced. It may then be 
started at the sixth floor just as well as at the first. The frame is 
also used as anchorage for the derricks used in erection. The 
designer or draftsman has, perhaps, little to do with the methods 
used in erection, but a thorough knowledge of the conditions and 
general practice which prevails should enable him to arrange the 
framing so as to facilitate and aid in the rapidity of the erection. 

It is not often that a complete system of diagonal braces can 
be used in the exterior walls, on account of interfering with the 
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window openings ; they are sometimes introduced in the interior 
walls or partitions. Portal bracing while formerly used to some 
extent is but little used now. Knee braces and deep stifif girders 
or struts at the floor levels, are the more common types of bracing. 
Portal bi-aces, while- forming a rigid frame without interfering 
with the openings in walls, have the disadvantage of being difficult 
of erection, expensive, and they induce heavy bending strains in the 
portal itself and in the columns. 

Fig. 164 shows the Penn Mutual Building of Boston, during 
construction, of which Messi-s. F. C. Roberts & Co., and Mr. 
Edgar V. Seeler of Philadelphia were the architects and engineei-s. 
This photograph shows the deep girders at each floor level which 
serve not only to carry the loads but as wind bracing. 

I'he student should also notice the method of supporting- 
staging independently from any floor, and the masonry supported 
independently at each floor, as shown at the fourth floor. 

Figs. 165, 166, and 167 give interior views of the same 
building. The floor system was put in by the Eastern Expanded 
Metal Co. and consisted, in general, of a slab 7 inches thick re- 
enforced continuously at the bottom by 3-inch No. 10 expanded 
metal, and also at the top for about four feet from the ends. 
There were also ^-inch round rods bent over the tops of the girders 
and running down to the bottom of the slab at the center ; these 
rods were used every six inches. 

The span of these floor slabs is 17' — 6." 

These views show also the method of wrapping the columns 
and flanges of beams with metal lath and plastering. 

The student should note, also, the appearance of the center- 
ing shown by Figs. 166 and 167, and of the concrete where the 
centers are removed; the grain of the wood is shown clearly 
marked in the concrete. 

Fig. 168 shows the Oliver Building, Boston, during construc- 
tion, of which Mr. Paul Starrett was the architect. 

This photograph shows clearly the practice of leaving the 
masonry down for one or more stories and building the stories 
above. It also shows the iron fascias set in place in the upper 
stories; this is done in advance of the masonry so that the 
masonry will fit more accurately and neatly around them. 
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Fig. 166. 
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The cornice brackets and framing are shown in place ready 
for the cornice when the building shall have reached this stage. 

niLL BUILDING CONSTRUCTION. 

This term must not be confused with " mill construction." 
The latter term applies to what is sometimes called " slow burning 
construction." This is a construction which is the result of the 
standardizing of requirements and recommendations of the Insur- 
ance Underwriters. It applies to a construction in which the 
walls are of brick, the interior posts of hardwood and of a size 
generally not less than 8 inches, the floor of heavy wooden 
girders with hard- wood floor timbers spaced about 5' — 0'' center to 
center and 3" or 4" of hard- wood floor planks; while this con- 
struction is largely of wood the size of the timbers makes them 
slow burning to a certain degree. Modifications of this construc- 
tion in varying degrees exist, in which steel replaces some of the 
wooden nieinbers, and from this to the all steel and brick construc- 
tion. In some cases the spacing of columns and required floor 
loads make it desirable to use steel or iron columns and steel 
girders, the floor beams remaining wood, however. In other 
cases crane loads and other special requirements make steel mem- 
bers more advantageous than the wood. The possibility of reduc- 
ing the brickwork to a minimum, by carrying all loads on a steel 
frame, and thus giving large window areas, caused a further 
development of the steel mill construction. Underwritei-s object 
to steel framed mills where the steel is left unprotected and thus 
exposed to speedy collapse in case of fire. The additional cost of 
fire-proofing generally results in its omission, however. 

Special Features. Mill building, and by this term is included 
machine shops and all classes of manufacturing buildings, must 
always be treated according to the requirements and conditions 
peculiar to the case. Details and capacities cannot be as well 
standardized as in the case of other classes of buildings, because 
there are generally features or combinations of features peculiar to 
the case. For this reason, the required loading should be accurately 
determined and the details carefully studied. Heavy loads should 
be brought directly on columns or over girders if possible, rather 
than supported by shelf or side connections. 
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Where the building is of the shed construction, that is, with 
no floors or a very high first story, special provision for strains 
must be made. Trusses are generally connected rigidly through 
their whole depth and also by knee braces to the columns. Wind 
struts at the eaves and at intervals between these and ground are 
provided. A continuous brace at the ridge, and diagonal bracing 
in certain bays between the trusses is required. With certain 
types of buildings, longitudinal trusses or braces between the 
main braces are also required. Before details of the different con- 
nections met with in this class of construction can be made, the 
student must become familiar witli tlie general types of construc- 
tion. While only a few of the more common forms can be given, 
they will serve as a basis for more complete study of the different 
types. 

Figs. 169 to 174 show general features and details of a build- 
ing of the shed type. 

Fig. 169 shows the side framing, the openings, diagonal brac- 
ing, eave strut and columns. 

Fig. 170 shows a plan of the columns and trusses, and the 
bracing between. Fig. 172 shows the end-wall framing, and Fig. 
171 is a cross-section showing the type of trusses and the bracing 
to the columns. ^ 

Fig. 173 show^.a detail of the walls and the columns. These 
wails are for protection against weather only, and are not designed 
to stiffen the steS* frame which is sufficiently braced together 
itself. M^i 

Fig. 174 shows tlie anchorage of the ends of the trusses if solid 
walls were used in place of the steel wall eohnnns. 

Figs. 175 to 177 show a machine shop steel frame with pin 
connected trusses. Generally trusses of this character are riveted, 
but occiisionally tliey are pin connected. 

Fig. 175 shows the cross-section with low wings along the 
side walls and a high central portion to provide room for a travel- 
ling crane. This central portion is lighted by a monitor at the top 
as shown ; the windows in the end walls are also indicated. 

The columns are braced together and to the trusses and the 
whole frame is self-supporting. Tlie crane runs on a track girder 
which is supported by a separate column. This is of advantage 
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because it allows the column to be placed directly under the load 
instead of on a bracket which would cause heavy eccentric load- 
ing. 

Fig. 176 shows a partial elevation of the side. The columns 




are placed under every other truss only ; the intermediate cross 
trusses are therefore supported by longitudinal trusses shown by 
Fig. 176. These trusses serve also to give the necessary lateral 
stiflFness to the frame. 

Fig. 177 shows a detail of the ends of these trusses and the 
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connection to the columns and of the bracing to the columns and 
trusses. 

Figs. 178 to 183 show the outlines and some details of a light 
mill building having a double pitched roof as shown by the eleva* 




tion, Fig. 178. This elevation has letters indicating the positions 
of the different types of purlins shown by Figs. 179 to 182. 

As there are skylights on this roof, purlins " B " have special 
framing. The regular purlin is " A," and " D " shows the wind 
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struts between the columns ; there is also a wind strut at the 
ridge. 

Fig. 183 is a detailed elevation of one-half of the main truss, 
and of the connection of the purlins to the truss. 

Figs. 184 to 187 show general features and details of a com- 
bined wood and steel frame mill building. This form is used quite 
extensively. The main columns, trusses and girders are of steel ; 
the roof purlins and floor beams of wood, and the walls of brick. 

Fig. 185 shows the detail for securing the wood purlins to the 
trusses. 

Fig. 186 shows the main column which carries a bracket for 
a light crane. This column, on account of the eccentric crane 
connection, is made of the two channels latticed as shown ; in order 
to get a stiff connection of roof truss to the upper section of 
column, and also, because of the light load, a column of four angles 
and a web was desirable. This upper column, therefore, sets down 
inside of the channel column and is riveted to it as shown by the 
details. 

Fig. 187 shows the connection of the girdera in the wings to 
the columns ; the double beams coming at right angles to the web 
made it necessary to use deep shear plates across the flanges of the 
column in order to give support to the bracket and provide for the 
eccentric strains. 
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STEEL CONSTRUCTION. 

PART III. 



DEFINITIONS AND ABBREVIATIONS. 

In all structural steel detailing certain abbreviations are so com- 
monly used that it is essential at the outset for the student to be 
familiar with them. The more common are given below: 



PI. 


= Plate 


c 


= Channel. 


L 


= Angle. 


T 


= Tee. 


O 


= Round Rod, and when this mark follows a dimen- 




sion, as for example, |" o, it indicates a f diameter 




round rod. 


D 


= Square. 


T.B. 


= Turnbuckle. 


O.H. 


= Open Hearth. 


R.W. 


= Roadway. 


S.W. 


= Sidewalk. 


R. & L. 


= Right and Left. 


Hex. 


= Hexagon. 


H.P. 


— Hard Pine. 


Y. P. 


= Yellow Pine. 


Bit. 


= Bolt. 


U.H. 


= Under Head. 


T. &G. 


— Tar & Gravel (also used for tongued and grooved). 




The right meaning can generally be inferred from 




the place in which the abbreviation occurs. 


Riv. 


= Rivet or Rivets. 


Csk. 


= Countersunk. 


Cor. I. 


— Corrugated Iron. 


Anch. 


= Anchor. 


Fill. 


= Filler. 
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Str. 


= Stringer. 


F.B. 


= Floor Beam. 


C.I. 


= Cast Iron. 


Std. 


= Standard. 


Sepr. 


= Separator. 


W.G. 


= Wheel Guard. 


c. to c. 


— Center to Center. 


o. to 0. 


= Out to out, or, outside to outside. 


Fl. 


= Flange. 


Lat. 


— I^aterals. 


Diam. 


= Diameter. 


R. 


= Radius. 



The following definitions apply to pieces often met with in 
detailing and should be fully understood. 

Lag Screws, These are used for connecting wooden construc- 
tion, and their principal use, so far as the structural draftsman is inter- 
ested, is for fastening guard rails to plank flooring on highway bridges, 
or to cross ties on railroad bridges, or wood purlins on roof trusses. 

Fitting-up Bolts. This term is applied to bolts used to con- 
nect parts of a member, or to connect members to each other, prior 
to riveting. The bolts are removed and rivets driven in their stead. 
In making out the shop lists where work is to be erected, a number 
of these bolts must be included, and about 10% more should be 
ordered than will appear to be necessary, in order to allow for w^aste. 
Fitting-up bolts are used in the shop during the assembling of the 
parts of any member of a structure. 

Drift Pins. These are merely tapered steel pins used for 
aligning the rivet holes so that fitting up bolts may be inserted. 
Drift pins are also used in many cases to correct inaccuracies in the 
punching of the several parts of a member. If the holes do not 
match, so that the rivet can be driven through, the drift pin is first 
driven through and the edges of holes forced out so as to allow the 
rivet to be inserted. This is a use of drift pins which is not allowed 
by any first-class specifications, nevertheless it is often done, unless 
the shop work is rigidly inspected. 

Pilot Nuts. A pilot nut is a tapered end which is temporarily 
screwed on to the end of a pin in order to effect a passage for it 
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through the pin holes of two or more members which are to be con- 
nected in the field. These are, of course, only needed in pin connected 
structures, but must not be overlooked in making out shop orders 
and shipping lists, and at least one must be sent for each size of pin 
used in the structure. 

Split Nuts-. Owing to lack of room it is sometimes impossible 
to use a standard nut, and in such cases a thin split nut of about one- 
half the thickness of a standard nut may be used. 

Plate Nuts. For the ends of large pins the nuts are sometimes 
made from plate cut to hexagon shape and tapped out to fit the 
threads on the ends of the pins. 

Lomas Nuts. These are for use on the ends of large pins such 
as are used in bridge work. The pins are generally turned down 
to a smaller diameter at the ends, and these small ends threaded. A 
Lomas nut grips these threaded ends and projects over the shoulder 
of the pin. For dimensions and weights of Cambria standard pin 
nuts see Cambria Handbook, page 336. 

Clevis Nuts. On page 334 of Cambria Handbook are shown 
sketches of clevis nuts, and table giving dimensions, etc., is given. 
As will be seen in the sketch, the screw ends entering the clevis nut 
allow the effective length of rod to be adjusted. 

Sleeve Nuts. On page 333 of Cambria Handbook is found 
an illustration and table of dimensions, etc. The purpose of sleeve 
nuts, as will appear from the illustration, is to allow rods to be ad- 
justed as to their length when the ends are connected to pins or bolts. 

Turnbuckles. An illustration of an open tiirnbuckle is shown 
on page 332 of Cambria Handbook. Turnbuckles are used the same 
as sleeve nuts. 

Tie Rods. . Tie rods are plain rods with screw ends and nuts 
on each end, and they are used between the beams supporting fire- 
proof floors to tie the beams together and to hold them in position 
while the fireproofing is being put in place. The tie rods also stiffen 
the I-beams laterally. The sizes of rods used for this purpose are 
usually ^-in. diameter to 1-in. diameter. See Fig. 207. 

Loop Eye Rods. Rods w^hich are connected to other parts 
of a structure by pins are provided with loops made by bending the 
rod around to conform to a circle of same diameter as the pin, and 
welding the end into the body of the rod. The distance from the 



»»3 Digitized by Google 



184 STEEL CONSTRUCTION 



center of pin to the junction of the end of loop with the main rod is 
usually made about two and a half times the diameter of the pin 
which loop is to connect over. See Fig. 188. 

Forked Eye Rods. Sometimes it is desirable to have a rod 
connecting to a pin fastened so as to bring an equal strain on each 
side of another rod or part connecting to the same pin. In such 
cases it is necessary to make a forked eye instead of a single loop. 
See Fig. 188. 

Upset Rods. WTien rods are threaded at the ends, the cutting 
of the threads diminishes the effective area of the rod and conse- 
quently weakens it. To maintain the same strength throughout, 
the rod is "upset" at the ends before the ends are threaded, and 
the amount of extra thickness so provided allows the threads to be 

cut, and leaves after cutting a 
^^_^^__^^^^____^ net area equal to that in the 

^ body of the rod. 

Upsetting is done by a ma- 
chine which takes hold of the 
heated end of the rod when at 

* a cherry-red heat and com- 

Pig. 188. presses the metal for the re- 

quired length into a cylindrical 
end larger in diameter than the main body of the original rod. See 
pages 326 to 329 of Cambria Handbook. 

Plain Rod. The expression "plain rod" is simply the nega- 
tive of the term "upset rod", which has just been refined, or, in 
other words, a "plain rod" is not upset. 

Standard Threads. Rods and bolts are generally provided 
with standard threads the dimensions of which will be found on 
page 310 of Cambria Handbook. 

Right-hand Threads. When the threads of a bolt or rod 
are cut so that if, when looking at the end of the bolt or rod and turn- 
ing the nut from left to right, the nut moves from you, or is screwed 
on the threads, then such threads are referred to as right-hand threads. 
If the threads are cut so that the reverse is true then they are 
"left-hand threads". 

Eye Bars. These are used in pin connected trusses and 
structures to take care of tensile strains. The heads at each end are 
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formed by upsetting machines and the pin holes afterward bored out. 
See page 331 of Cambria Handbook for dimensions, etc., of standard 
eye-bar heads. 

Batten Plates. In Fig. 225 a batten plate is placed at each 
end of the strut on the top and bottom of the flanges. It is used 
merely to tie together the two parts of the strut. Batten plates (also 
called tie plates) are used generally wherever lacing is used in order 
to tie the parts of a member together at each end of the lacing. The 
Pencoyd Iron Works specifications for railroad bridges gives the 
following in regard to tie plates: 

"All segments of compression members, connected by latticing 
only, shall have tie plates placed as near the ends as practicable. 
They shall have a length of not less than the greatest depth or width 
of the member, and a thickness not less than one-fiftieth of the 
distance between the rivets connecting them to the compression 
members ". 

Chas. Evan Fowler, in his Specifications for Roofs and Iron 
Buildings, refers to tie plates as follows: 

"Laced compression members shall be stayed at the ends by 
batten plates having a length equal to the depth of the members ". 

The rules given in various specifications are somewhat different 
as regards the length and thickness, being determined by each 
authority merely on his own judgment of what will prove satisfac- 
tory. There is no method of proportioning batten plates ex. * 
in accordance with such specifications as may be furnished in rela- 
tion to the particular job of work in hand. 

Lacing. Single lacing is used on the girder shown in Fig. 225, 
but if two systems of lace bars are used crossing each other and 
riveted at their intersections, it is called double lacing This is only 
used on very heavy members. Single lacing is usually placed at an 
angle of about 60 degrees with the axis of the member, while double 
lacing is placed at about 45 degrees to the axis. 

The size of lace bars to use is somewhat a matter of judgment, 
but certain rules have been established by common practice and 
experience which it is well to observe when practicable. Chas. 
Evan Fowler's specifications give the following: 

The sizes of lacing bars shall not be less than that given in the 
following table. When the distance between gauge lines is 
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6 in. or less than 8 in 1} in. X J in. 

8 in. " " " 10 in U in. X i in. 

10 in. " " '' 12 in If in. X ~^^ in. 

12 in. " '' " IG in 2 in. X | in. 

16 in. '' " " 20 in 2\ in. X yV in. 

20 in. " '' " 24 in 2\ in. X i in. 

24 in. or above, use angles. 

They shall generally be incKned at 45 degrees to the axis of the 
member, but shall not be spaced so as to reduce the strength of the 
member as a whole. WTiere laced members are subjected to bend- 
ing, the size of the lacing bars shall be calculated, or a solid web 
plate used. 

Shop Drawings. In making shop drawings, the outlines of 
the member (in other words, the "picture" of it) should be done 
in fairly heavy lines, so as to show up clearly on the blue prints, 
and the dimension lines should be very light so that they will not be 
confused with the outlines of the members. AH distances should 
be given from center to center, wherever possible. Dimensions 
from the edge of an angle, beam, or plate, should never be given 
unless there is a special reason for so doing; because all rolled shapes 
vary in the width of the flanges, and Z-bars also vary in height. The 
reason for this variation is that different sizes are rolled by the same 
set of rolls and the difference is made in the spacing of the rolls. 
See Figs. 25, 26, 27 of Part I. Also, angles of a thickness of one- 
half inch or more vary somewhat in the length of legs unless they 
are given what is called a finishing pass or rolling which is not always 
done. 

Make all drawings on the dull side of tracing cloth with a No. H H 
or a No. H H H pencil. After the drawing is completed the pencil 
marks are easily removed with a piece of sponge rubber. 

Do not draw out your work on paper first and then trace it. 
You will find that this is a waste of valuable time. Learn to draw 
directly on the tracing cloth, as you will be expected to do when you 
begin work in an office. You will need the following outfit in the 
way of drafting instruments and ecpiipment: 

1 T-square, at least 20 in. long. 

2 Triangles, 1 of 45°, the other 60°. 
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1 Small drawing board, about 18 by 24 in. 

i dozen small thumb tacks. 

1 Ruling pen. 

1 Circular pen or spring bow pen. 

Tracing cloth. 

1 Triangular boxwood Architect's scale 12 in. long. 

1 Bottle of Higgins' American drawing ink. 

IJ dozen Gillot's pens No. 303. 

1 No. H H pencil. 

1 No. H H H pencil. 

1 Copy of Cambria Handbook, Edition 1904. 

PURPOSE AND USE OF DETAILS. 

A shop drawing is a drawing which gives all the information 
necessary to lay out, cut, punch, and rivet the piece shown. It is 
the medium by which instructions are conveyed from the engineer's 
olBce to the shop. It must convey full, accurate and explicit instruc- 
tions for every operation. It must be so clear and explicit that no 
further explanations are needed to enable the shop to correctly 
interpret it, and the information must be given in such form that 
only one interpretation is possible. The draftsman making a shop 
drawing must constantly bear in mind that the man at the shop w^ill 
work entirely from this drawing; that he does not have access to the 
sources of information which are consulted by the draftsman in 
making the drawing, and that what might be clear in connection 
with these other drawings will be blind or uncertain to the shop man 
not familiar with them. The draftsman should further understand 
that it is distinctly the duty of the shop man not to read into the 
drawing anything not there, and that consequently the responsibility 
is entirely upon the draftsman to make his drawing so complete that 
such action will be unnecessary and impossible. Neatness in exe- 
cution of a shop drawing is desirable, but accuracy and clearness 
are absolutely essential. 

Shop drawings differ from general detail drawings in that they 
do not show the different parts of constniction assembled, but cover 
only one piece. For instance, an engineer making a drawing to 
send to the drafting room where the shop details are to be prepared, 
would show a column with the girders and beams framing into it. 
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just as they would appear when assembled. In this way he would 
establish the relations of the different members and would determine 
the character of the connections and any special features of the 
details. The draftsman detailing for the shop, however, would make 
the column on one sheet, each beam and girder on separate sheets, 
and the different members forming the whole structure would appear 
only as individual pieces, their relations one to the other being given 
by an assembly or erection drawing. 

In a large shop the columns, beams, and girders would be fabri- 
cated in entirely distinct departments and the men in the different 
departments would not know that those different pieces when assem- 
bled, fitted into each other. The responsibility for correctly laying 
out these pieces so that they will fit together is upon the draftsman. 

Measurements on shop drawings are always carried out as 
close as one-sixteenth of an inch, and sometimes to one thirty-second. 
An error of one-sixteenth may be sufficient to make it impossible to 
assemble the pieces in erection, as steel cannot be cut and drilled 
at the building except at considerable expense of time and money. 
Such errors are costly. 

The student should clearly understand the importance of the 
work of the shop draftsman and should always be imbued with the 
idea that he is the last authority to pass upon all the various points 
determining the instructions of the shop and the last sentinel to dis- 
cover and prevent errors. Drawings are almost always checked by 
some other than the man who makes them, but no man will make a 
successful draftsman unless he does his work w^ithout a thought of 
being saved from errors by the checker. 

The making of templets, and the way in which a shop uses a 
detail drawing have already been explained. The draftsman should 
always detail as far as possible in accordance with standard shop 
practice, as in this way much templet work can be eliminated and 
thus time and expense saved, and the work will be more quickly 
fabricated because of the familiarity of the shop with the details. 
The standard forms differ somewhat in the different shops, but the 
Carnegie standards are essentially the same as all others; these have 
been given in Steel Construction, Part I. A great many conditions 
arise in which standard forms cannot be used, in which cases as 
simple details as practicable should be employed. 
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Scales Used in Details. Details of plate and box girders 
and of trusses are almost invariably made to scale, generally J, 1 or 
1 i in. to the foot. Details of columns are generally made to scale as 
far as the connections for beams and the head and foot of columns 
are concerned. The length along the shaft from top to bottom and 
between connections at different levels is generally not to scale. 

Details of beams are rarely drawn to scale, but the position of 
holes and of shelf angles, etc., are shown in the proper relation to each 
other and to the whole beam. That is, if the beam shown is a 12-in. 
beam 16 ft. long, the elevation of the beam might be drawn to a 
scale of 1^ in. to the foot as regards the height of beam, while as 
regards the length it might be drawn at no definite scale, simply 
made to come within the limits of the sheet. In locating holes in 
this elevation, if there was a horizontal line of holes in the center 
of the beam it should show in the center of space limiting the height 
of beam; if another line 2 in. off from the center, it should be shown 
at i of the depth from the center line. Similarly to spacing holes 
along the length of the beam a set of holes centrally located as regards 
the length should show in the center of the sketch, and another set 2 
ft. from the center should show J of the whole length from the center. 

In other words, the beam is detailed according to the scale of 
the sketch which represents the beam, but this will not be the same 
scale vertically as horizontally and will not be the same scale for any 
two sketches. 

The reason for the above absence of scale in beam sketches 
is that these details are almost invariably made on a standard size 
of sheet, say 12 X 18 in. One sheet may have beams varying in 
depth from a 7-in beam to a 15-in. beam, and in length from 6 ft. 
to 20 ft. To accommodate all such varied conditions to the same 
size sheet it is necessary to adopt a standard size of sketch repre- 
senting all sizes and lengths of beams, and locate details on this 
sketch simply by the eye, so as to show the details in proper relations 
as outlined above. In many drafting offices these beam sheets are 
printed with a blank elevation and plan and end view of a beam 
ready for the draftsman to fill in the details. 

In the case of columns, girders and trusses, this practice would 
not do, as the details are too complicated and it is necessary to show 
all details exactly in their true relation in order to make them clear. 
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In the case of columns this can be done on a standard size sheet, 
generally 12 X 30 in. or 18 X 30 in. Girder sheets and truss sheets 
generally vary in size with the particular conditions of each case. 

The first operation necessary is to draw out the outlines of the 
member to be detailed, showing a side elevation and plan, or end 
view and sections where necessary to clearly show all the work to 
be done. Make no unnecessary drawing; as, for instance, if a side 
elevation and plan will clearly express all the work to be done, do 
not spend any time making an end view or sections. If, on the 
other hand, an elevation and a cross section will enable you to show 
everything, then do not make any plan, as, in general, it is less work 
to make a cross section than a plan. 

The above should be followed w-ith caution, as it is necessary to 
be very sure that all the views required to give a clear understanding 
of the details are given. 

Rivet Holes, Etc. Holes for rivets are either simply punched, 
or punched to a smaller size than that actually required and reamed 
out to the full size, or else the holes are drilled. Rivet holes are 
seldom drilled, except under special specifications, owing to the 
increased expense. On almost all work at present the holes are 
simply punched. In case reaming or drilling is required the shop 
drawing must indicate it clearly. 

Where the holes are simply punched ih^ usual specification is 
that the diameter of the punch shall not exceed the diameter of the 
rivet, nor the diameter of the die exceed the diameter of the punch 
by more than one-sixteenth of an inch. 

Where the holes are punched and afterward reamed, the usual 
specification is "All rivet holes in medium steel shall be punched 
with a punch \ in. (sometimes -^^ in.) less in diameter than the 
diameter of the rivet to be used, and reamed to a diameter ^^ in. 
greater, or they may be drilled out entire ". 

The effective diameter of the driven rivet shall be assumed the 
same as before driving, and in making deductions for rivet holes in 
tension members, the hole will be assumed one eighth of an inch 
larger than the driven rivet. 

The pitch of rivets is generally specified about as follows: "The 
pitch of rivets shall not exceed sixteen times the thickness of the 
plate in the line of strain, nor forty times the thickness at right angles 
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to the line of strain. The rivet pitch shall never be less than three 
diameters of the rivet. At the ends of compression members it shall 
not exceed four diameters of the rivet for a length etjual to the width 
of the members." 

Rivets and Riveting. Rivets are spoken of as "shop rivets" 
or "field rivets" according to whether they are to be driven in the 
shop or in the field during the erection of the work. It is sometimes 
impossible to drive rivets by machine in the shop, owing to their 
location being inaccessible for the riveter. In such cases they must 
be driven by hand and are referred to as hand-driven rivets. Driving 
rivets by hand is necessarily more expensive than if done by ma- 
chinery, and it is part of the duties of a competent structural drafts- 
man to so design the details as to require the least possible driving 
of rivets by hand, whether in the shop or field. In erecting large 
jobs the field riveting is often done by machine riveters. There are 
numerous types of machine riveters, the principal power used being 
either compressed air or hydraulic power. 

In order that rivets may be driven by the riveting machine it is 
necessary to have a certain amount of clearance from the heads of 
other rivets which project from the other leg of an angle if the two 
rivets are opposite or nearly opposite each other. This is shown in 
Fig. 189, together with a table giving sizes of rivet heads and clearances 
for machine driving. At the bottom of this table please note that a 
must not be less than J in. -f J h. Suppose we wish to drive two 
rivets, each | in. diameter, and both to have full heads exactly in 
the same line in the two legs of an angle. Now, if we desire to know 
how close we can drive the rivet in the horizontal leg to the back 
of the angle, we first find the value of ^ for a J in. rivet, which is 
lyVin. Then o = J in. -f ^ (liV ^^^O ~ 32^ i"- ^.dd this to the 
height of the rivet, which, for a | in. rivet is |J in., and we have 
If in. as the distance from the center of the rivet in the horizontal 
leg of the angle to the side of the vertical leg of angle nearest to this 
rivet. But all measurements to locate the position of rivets are given 
from the backs of angles; hence we must add the thickness of the 
angle in order to find where the rivet in the horizontal leg should be 
spaced. Suppose the angle to be I in. thick, then 1 J in. + f in. = 2 in. 
would be the least distance from the back of the angle that we could 
drive either rivet in order to have the riveting machine clear the other. 
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Rivets could, however, be spaced nearer to the back of the angle 
if the rivets are "staggered", i,e., if those in the vertical leg were 
spaced so as to come in between the two adjacent ones in the hori- 
zontal leg. An example of staggered rivets is shown in Fig. 233. 

Conventional Signs. In erecting some classes of structural 
steel work, especially in light highway bridges and small roof truss 
jobs, the connections are often made with bolts instead of rivets. 
The rivets used for structural steel work are round headed (some- 
times called "button head") rivets. It is necessary sometimes to 
flatten the heads of rivets after the rivet is driven, and before it has 
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had time to cool. This is done by simply striking the red hot head 
of the rivet and flattening it to the extent desired. "WTierever a flat- 
tened head would interfere with some connecting part of a structure 
it is necessary to countersink the heads, sometimes on one end of 
the rivet and sometimes on both ends. Fig. 189 shows conventional 
signs for representing the different kinds of rivet heads desired, and 
this code is in general use in the United States. 

It is very important to show on all shop drawings the diameter 
of rivets to be used in the work, and if different sizes of rivets or rivet 
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holes for field rivets occur in the same member, then these must be 
indicated on the drawing by a note prominently displayed so that 
the shop men may readily find it and avoid error. The sizes of 
n\ets generally used for structural steel and bridge work are | in., 
f in., or I in. in diameter, although special work may require smaller 
sizes, and occasionally rivets 1 in. in diameter are used for very 
heavy work. 

Rivets are made with one head formed, and the shank of the 
rivet must be long enough to project through the parts to be joined, 
and far enough out on the other side to form a full perfect head when 
subjected to the pressure of the machine. After the rivet has been 
heated to a cherry red it is inserted in the rivet hole and the riveter 
is placed so that the cap fits over the head aircady formed, and the 
other jaw of the machine presses against the protruding shank of the 
rivet and forms the liead. It is desirable that riveting machines be 
made to hold on to the two ends of the rivet with the full pressure 
until the rivet partially cools. 

The terms "rivet pitch" and "rivet spacing" refer to the dis- 
tances center to center l)etween rivets. For example, if the rivets 
are spaced 3 in. apart for a certain distance along a member of a 
structure, we refer to the rivets for this portion of the member as 
being of three-inch pitch. Fig. 190 gives the lengths of rivets re- 
quired for a given "grip". 

PROBLEMS. 

1. Given an 18-in., 55-lb. I-beam with a 4 X 4 X ^-in. shelf 
angle riveted on one side; what length of J-in. rivet should be ordered 
for riveting this angle on in the field ? 

2. In Fig. 187 of Part II, is shown a 12-in. beam girder bolted 
to a cap angle on a column; what length o| bolts should be ordered 
for this connection ? 

3. If the beams shown in Fig. 187 are 6J in. center to center, 
and are bolted up, using standard cast iron separators, what lengths 
should be ordered for these separator bolts? 

4. Suppose a 12-in., 40-lb. beam and a 7-in., 15-lb. beam are 
framed opposite each other on a 15-in., 60-lb. girder; if standard con- 
nection angles are used, what length of |-in. field rivets should be 
ordered for the connection of the beams to the girder? 
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Length of field rivets for holes punched 
or driHed le larger than diameter of rivets 
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o. If it is necessan' to drive two rivets of ^ in. diameter exactly 
opposite in the two legs of an angle 3 X 31 X y^ in.; how close 
to the back of the angle can the rivets be spaced ? 

Strength of Joints. The student should now become famil- 
iar with the. method of calculating the strength of joints and connec- 
tions. We will take first the connection of one beam framed to 
another. The rivets in the connection, of course, are the only means 
of transmitting the load from the Ix^am to the girder. There are 
two sets of these rivets, one set through angles on the end of the beam 
to be carried and the other set through the outstanding legs of these 
angles and through the web of the girder. The load must go from 
the beam through the first set of rivets into the connection angles, and 
then from the angles through the second set of rivets into the girder. 

The rivets through the angles securing them to the w^b of the 
beam are subject to faihire in two ways. (1) The rivet might break 
along the two planes coincident with the faces of the web of the beam, 
thus allowing the beam to drop between the two angles — this method 
of failure is called *^ shearing*' of the rivets. (2) The rivets might 
crush the metal of the wel) of the beam on the upper semi-circumfer- 
ence of the rivets; this is called failure by ''hearing.** 

In designing a connection, the number of rivets is determined 
by whichever provision against these two methods of failure gives 
the greatest recjuired numl>er. The strength of a rivet as regards 
shearing and bearing is called its value, and in order to determine 
the number of rivets to carry a given load in connections of this 
character, it is only necessary to determine the vahie to be used for 
one rivet. This value is determined in the following way: 

DETERMINATION OF SHEARING VALUE OF RIVETS. 

The resistance of a rivet to shearing along o;ie plane is the area 
of the rivet multiplied by the shearing strength of the metal per unit 
of area. 

If d — the diameter in inches of the rivet 

S — the ultimate shearing strength in pounds per sq. in. 
then V - the ultimate shearing value in pounds. 
= .78.54 (/- S. 
For the working value of the rivet a certain proportion of S is 
used and this varies with the factor of safety required. The safe 
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value of the shearing strength per square inch of power-driven rivets 
which is generally used for buildings, is 9,000 pounds, which gives 
a factor of safety of about six. With rivets three-quarters of an inch 
in diameter, which is the usual size in building work, the safe shear- 
ing value is therefore 

.7854 X I X J X 9000 = 3976 pounds. 

For rivets driven by hand as is done in many cases in assembling 
the parts in the erection of a building, the safe shearing strength per 
square inch is reduced to 7,500 pounds. One of the connections 
illustrated in Fig. 191 is a case of double shear for the rivets through 
the angles and the web of the beam, as there are two planes along 
which shearing must occur, since the load is distributed by the web 
of the l)eam equally between the two angles. The above value of 
3,976 must be multiplied by two to give the total resistance of each 
of these rivets against shearing. 

The rivets, however, which go through the outstanding leg of 
these angles, and through the web of the girder which carries this 
beam are only in single shear, as here there is only one plane between 
the angles which transmit the load and the web which receives it. 
The value for these rivets would therefore be 3,970 lb. if power driven, 
and 3,313 lb. if hand driven. 

DETERMINATION OF BEARING VALUE OF RIVETS. 

In this case it is the metal which bears on the rivet or which the 
rivet bears on, which has to be considered; this is in compression 
and liable to failure, therefore, just as is the metal in a column or the 
compression side of a girder. The amount of stress which this 
metal will stand is determined by the ultimate compressive strength 
per square inch, and the area under compression, which area is the 
product of the diameter of the rivet and the thickness of the metal 
or in this case, the web of the girder. 

If therefore t = thickness of metal 
d = diameter of rivet 

C = ultimate compressive strength in pounds per 
square inch, 
then Vb = ultimate bearing value in pounds 

= Cdt 
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The safe value usually used for power-driven rivets in building 
work is 18,000 pounds per square inch; for three-quarter-inch rivets, 
therefore, the bearing value becomes for a iV-in. web 18,000 X f X f^g 
~ 4,219 pounds, and for hand-driven, rivets, 3,516 pounds. 

The web of the beam in Fig. 191 is a case of bearing enclosed^ 
that is, it is enclosed on both sides by other members, and therefore is 
stiffened against buckling under compression. The web of the 
girder is not enclosed, as it is free to buckle on one side. Most 
authorities allow a slightly greater bearing value, generally about 
10 per cent for bearing on metal enclosed. 

In designing such a connection as is illustrated in Fig. 191, 
the number of rivets through the web of the beam would be deter- 
mined by the bearing value of one rivet, unless the thickness of this 
web was f in. or over, since for all thicknesses less than this the bearing 
value would be less than the double shear. The number of rivets 







Fig. 191. 



Fig. 192. 



through the web of the girder would be determined by the shearing 
value of one rivet for all thicknesses of webs of ^^ in. and over, since 
for these thicknesses the bearing value is greater than single shear. 
Where two beams frame into a girder on opposite sides so that the 
rivets through the girder are common to both beams as shown in 
Fig. 192, these rivets are in bearing on the web of the girder for the 
combined load brought by both beams, in double shear for the com- 
bined loads, and in single shear for the load from each beam. If 
these loads were the same for each beam, single shear from the load 
from one beam would, of course, be equivalent to double shear for the 
load from both beams; if, however, the loads were greatly dissimilar 
the greatest load with the single shear value must be used. To 
illustrate this, suppose we have a 10-in. beam framed on one side of 
a 10-in. beam and an 8-in. beam framed opposite to it. Suppose 
the load brought by the 10-in. beam to the girder is 14,000 pounds. 
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and that by the 8-in. beam 6,000 pounds. Now the web of a 10-in. 
2o-lb. beam is .31 inches thick, and the bearing value would therefore 
be .31 X 15,000 X .75 = 3,4S7 pounds, and for the total load this 
w^ould require six rivets. To carry the load of 14,000 pounds in single 
shear at a value of 3,313 would rec|uire but five rivets, so that the bear- 
ing value and the total load from both beams would determine the 
number of rivets. 

If, however, these beams were carried by a 12-in., 40-lb. beam 
whose web is .46 inches thick, the bearing value would then be 5,175 
pounds and this would require but four rivets; in this case the number 
would be determined by the greatest load and the single shear value 
of a rivet. Fig. 103 show^s a single angle connection which would 
be determined by the rivet in single shear. It should he noticed 
that in designing connections a few rivets in excess of the actual 
number calculated should be used for connections; in general, 20 per 
cent should be added. 








Fig. 193. 



Fig. 194. 



PROBLEMS. 



1. Suppose that certain rivets to be provided in a connection 
are in double shear. The rivets are all I in. in diameter. The out- 
side plates are each i in. thick. What will l)e the thickness of the 
inside plate to make the rivet value equal to double shear? 

2. Suppose a 6-in., 12.25-lb. I-beam that is 5 ft. long carries a 
load of 15,000 lb., uniformly distributed. How many rivets J in. 
in diameter, will be required for its connection to the beams at each 
end, allowing 6,000 lb. per stjuare inch for shear on the rivets, and 
12,(X)0 pounds per s(juan* inch for bearing? 

3. In the preceding problem, how many rivets ^ in. in diameter 
will be required to attach the connection angles to the 6 in. I-beam? 
In order to determine this, it will be necessary to first find the thick- 
ness of the web of the 6-in., 12.25-lb. I-beam. This can be found 
by referring to the tables on pages 30 and 31 of Part I. As the 
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thickness of the webs is there given -in decimals of an inch, these must 
be converted into the next smaller common fractions. 

4. Given a 12-in., 31\-lb. I-beam 14 ft. long and a 10-in., 
25-lb. I-beam 12 ft. long framed opposite to each other to a 15-in., 
42-lb. I-beam. If these beams are each loaded to the safe capacity 
with a uniformly distributed load, what will l)e the number of J-in. 
rivets required for the field connection to the girder, using 7,500 
pounds for shear and 15,000 pounds for bearing? 

5. In the above problem what will be the number of J-in. shop 
rivets required on the end of each beam using 9,000 pounds for shear 
and 18,000 pounds for bearing? 

0. Using the same values and loads as in problem 4, what 
will be the number of rivets required in each beam, if they do not 
frame opposite each other ? 

7. Give the lengths of field rivets and shop rivets required for 
each connection in each of the cases covered by problems 2, 3, 4, 5, 6. 

STANDARD CONNECTIONS. 

As previously stated, beam connections to girders and columns 
are generally made after standard forms for the different size beams. 
From an inspection of these standard connections it will be seen 
that 3, 4, 5, and 6-in. beams and channels all have the same number 
of rivets; 7, 8, 9, and 10-in. sections have the same number; and of 
the larger beams the different weight beams of a given size have the 
same number, whether the lightest or heaviest section is used. It is 
evident that these beams which are of different capacities, would 
not require the same number of rivets, if the numl^er was calculated 
for the exact load of each case. It would not be economical, either 
from the standpoint of time or money, to detail in this way, however, 
and therefore these standard forms are always uschI unless peculiar 
conditions made it impossible to frame with these size angles, or unless 
because of peculiar conditions of loading, these connections would 
not be sufficiently strong. 

These standard connections are pn^portioned for uniformly 
distributed loads with spans commonly used for the different size 
beams. When beams are used on short spans and loaded to their 
full capacity, it would be necessary to design special connections with 
the required number of rivets; the same is true where a concentrated 
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load comes on a beam very near to one connection. The tables on 
pages 42 and 43 of the Cambria Handbook give the minimum spans 
of the different size beam5« and channels for which these standard 
connections can be used when the beams are loaded uniformly to 
their full capacity, based on 10,000 lb. per sq. in. for shear and 20,000 
lb. for bearing. For cases of concentrated loading near the ends, 
no general rule can be given. For all cases of loading on spans 
shorter than those given by the table, the draftsman should calculate 
the load on the connections and determine the number of rivets 
required. 

Connection angles are always riveted to beams centrally as 
regards the depth of web unless conditions make it necessary to raise 
or lower them. Such conditions arise when certain beams of differ- 
ent depths frame opposite to each other to the same girder. There 
are standard conditions concerning many of these cases and these 
are shown in Figs. 135 to 139, Part II. Such connections should 
be made by changing the position of the angles rather than the spac- 
ing of the holes in the angles if possible, so that the standard framings 
can be used. 

Where beams frame on opposite sides of the same girder, but the 
center lines of the two beams do not he on the same straight line 
special size angles and rivet spacing is required. If the distance 
between the center lines of the beams is less than 8^ in., as shown 
in Fig. 194 the one line of rivet holes must be common to both beams. 
The minimum distance between rivets of beams framed to the same 
side of a girder for which standard connection angles can be used is 
shown in Fig. 137. In cases where beams are spaced closer than 
this, a single angle with the required number of rivets is used in the 
outside of each web; or where there is suflScient depth of girder a 
shelf angle below the beams can be used. In this case stiffeners 
fitted to the outstanding leg of the shelf angle should be used, as under 
deflection the beam will bear near the outer edge of angle and without 
the stiffeners would tend to break off this leg. The full number of 
rivets required to carry the load should be put in the stiffeners and 
shelf, even if angles on the web of the beam are used to hold it laterally. 
It is not good design to rely on the combined action of two sets of 
connections, such as a shelf connection described above, and a web 
connection, to carry a load. In such a case the deflection of the 
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beam would bring the bearing on the shelf, and this connection would 
take the whole load; or if the shelf was not stiffened to resist bending 
under the load, this would throw the load on the web connections. 
Wherever a shelf with stiffeners is used it should contain enough rivets 
for the full load. 

Where beams frame to deep girders or to columns, even if the 
connection is made by angles on the web of the beams, it is customary 
to put a shelf angle under the beam. The student should not confuse 
this construction with the one just described. The object of such a 
shelf is to facilitate erection and not to support the beam after the web 
connection is made. W^ere such an angle is used, therefore, no 
stiffeners should be used under the beam, as these would prevent 
the web connection from performing the work for which it was de- 
signed. The draftsman must see that the connection angles are not 
placed so as to interfere with the fillet of the beam or of the girder. 
This consideration arises where the connection is raised or lowered on 
the .beam, or where the beam does not frame flush with the girder, 
or where a small beam frames flush with a large one, as for instance 
a 5-in. beam to a 24-in. beam. Fig. 36, Part I, gives rules for deter- 
mining the distance from outside of the flange to the commencement 
of the fillet. These distances are given also in the Cambria Hand- 
book. It is possible to encroach a little on the fillet but generally 
not more than J in. 

The standard form of connections of beams to columns is by a 
shelf angle with the stiffeners under it, with the required number of 
rivets, and with a cap angle over the top. The beam is riveted both 
to the cap and the shelf angles. Generally there are four rivets in each 
fiange — sometimes only two in each flange are used. The shelf 
angle is usually a 6 X 6 X ^-in. angle and the cap angle a 6 X 6 X ^''q - 
in. angle where four rivets in the flange are used; if only two rivets 
are used the outstanding leg would be 4 inches instead of 6 inches. 
The size of stiffener angles varies with the size necessary to conform 
to the rivet pitch of the column, and to keep the outstanding leg of 
the stiffener the required distance from the finished line of the column. 
As stated previously, the deflection of the beam tends to throw the 
load near the outer edge of the angle and therefore the stiffener 
should come as near this edge as is practicable. Another point to 
be considered in choosing the size of stiffeners is to bring the out- 
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standing leg a.s near as practicable under the center of the beam as 
this is the portion of the shelf loaded by the beam. It is not always 
practicable to do this, however, and sometimes two stiffeners are used 
coming a short distance each side of the center of the beam. 

A good many designers use only one stiffener under a beam or 
girder, and as the load to the stiffener comes from the outstanding 
leg, this brings a moment on the rivets through the other leg of tlie 
stiffener. For usual sizes of beams, there is probably ample strength 
in the rivets to provide for this moment. It is better design, how- 
ever, to use two stiffeners back to back, with rivets connecting the 
outstanding legs, as shown in Fig. 217. This avoids the strain due to 
the moment on the rivets and also distributes the load to the column 
symmetrically with regard to the axis, instead of entirely on one side. 
These points are of very great importance where heavy girders or 
unusually heavy concentrated loads are concerned. Special column 
connections will be taken up later on. 

The connections of beams to double beam girders, involve the 
consideration of a number of practical points peculiar to each case. 
These beams are generally bolted together with only a slight space 
between the flanges, and if the girder rests on a column, the holes 
must be arranged where they are accessible. In general this would 
be in the outside flanges unless the end of the girder was exposed so 
that the inside flanges could be reached. 

^Miere beams frame to such a girder they cannot be riveted 
unless it is possible to rivet all the lines of such connections to each 
l)eam comprising the girder before they are brought together and 
bolted up. ^^^lere there were several lines of such girders it would 
be difficult to do this for all of them. In many cases, therefore, 
these connections have to be arranged for bolts to go through both 
beams of the girder. ^Miere double beam girders frame into another 
girder the connection can only be made by single-angles on the outside 
of the webs, unless the beams are spread far enough apart to allow 
bolts or rivets on the inside to be reached. If the girder carrying 
the double beams is deep enough a shelf connection can of course 
be used, and this would be preferable to the single-angle connection. 

Connections by angles on only one side of the web, as shown 
in Fig. 193, should always be avoided if possible, as they are subject 
to a bending moment on the rivets in the same way noted for single 
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stiflFeners. Where such a connection must be made sufficient extra 
rivets should be used to provide for this moment. The remarks in 
regard to double beam girders appjy also to girders made up of three 
and four beams. In these cases; however, there must be room for 
connection angles ojn the inner beams, and if the connection cannot 
be made when the beams are l)olted together, it must be arranged 
so that these bc^ams can be erected before the outside ones. In such 
an arrangement it is obvious that the standard form of cast iron plate 
separators could not l>e used very readily unless rods were used tlirough 
the separators instead of bolts. 

In Figs. 131 to 140, Part II, are showTi cases of special framing 
to which the student should refer again and become thoroughly 
familiar with. 

Where different sizes of beams frame opposite to the same girder 
it is necessary to change the position of the framing angles on the 
beams in order to use standard connections in each case. These 
changes in position are generally made to conform to standard prac- 
tice, which is illustrated in Part II and which in general is as follows: 
In all cases except where one of the beams is a 7-in. beam, the first 
hole is 3} in. from the flanges which are flush with each other, and 
standard angles are used. Where one of the beams is a 7-in. beam 
and the other is either a 6, cS, 0, 10 or 12-in. beam the first hole is 2 J 
in. from the flush flanges; for a 12-in. beam the first hole is 2 J in. 

Fig. 190 shows the Carnegie code of conventional signs for rivets. 
It is important to follow the code in use by the particular shop for 
which the drawings are intended, as only by the use of such signs can 
elaborate notes be avoided. 

Illustrations of Details. Fig. 195 shows a detail of a 
punched beam. Note that there should always be a single overall 
measurement on the sketch. (Groups of holes, as for instance holes 
for connections of other beams, as sliown in the top flange and the 
web, are located by fixing the center of tlie group. The rea^son for 
this is that the beam on which is tlie framing connecting to the holes 
is located by its center, and tlierefore it is important to locate this 
exactly. If the holes are symmetric*al with regard to the center it is not 
necessary to dimension each hole from the center, but simply to give 
the distance between them, corresponding with the distance in the out- 
standing legs of the connection angles on the beam framing to this one. 
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In the case of a channel it is the back of web rather than the 
center which is always located. For the holes for connections of a 
channel, therefore, the position of the back of channel is fixed, and 
then each hole in the group forming the connection must be located 
with respect to the back of channel as the group is not central with 
regard to the back. For an example of this see Fig. 196. It always 
adds to the clearness to put near each group of holes forming a con- 
nection for other beams the size of beam or channel connecting to it. 
Holes at ends of beams for connecting to columns or for anchors 
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are generally spaced by an independent set of measurements from 
the end of the beam. 

The student should note that beams cut by the mill without 
special directions being given are subject to a variation in length of 
\ in. under or over the length specified. If the beam rests on walls 
such variation is unimportant. If, however, it frames between col- 
umns and has holes connecting to the columns, such variation could 
not be allowed. For this reason measurements of such l>eams should 
always be marked "exact" or else at end of the sketch should be 
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printed "column end } in. clearance". With such instructions, or 
similar directions in other cases to indicate how the beam rests with 
respect to other work, the mill will take the necessary precautions. 
In the case of framed l>eams, for instance, such notes are not neces- 
sary, as it is self-evident that no variation at these ends can be allowed. 
Fig. 196 shows a beam framed into another beam, the relations 
of the top and bottom flanges being such as to avoid coping. Note 
here that it is necessary to give an end view to show the spacing of 
holes in the outstanding legs of connection angles. Note also the 
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specification as reganls these angles. If the .connection is standard 
and is placed centrally with the beam, always say "standard connec- 
tion". In such cases if the shop is familiar with the standards re- 
ferred to, an end view is not always necessary. If the connection is 
not placed centrally with the beam, or if the spacing of the holes in 
the legs varies any from the standard it is customary to write "stand- 
ard connection, except as noted ". 

The first set of holes from the left-hand end in the web is for the 
connection of an 8-in. beam framed to this l>eam. Note that b^^ in., 
the spacing horizontally of these holes, and 2i in., the spacing verti- 
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cally, are the measurements in the outstanding legs of the standard 
connection for an 8-in. I-beam. 

The next set of holes in web are for the connection of a 4-in. 
beam which frames flush on top with the 8-in. girder; this fixes the 
holes at 2 in. from the top as shown. 

The single hole at the right-hand end is for a standard anchor 
rod. This measurement of 2 in. from the end is a customary meas- 
urement on such anchor holes, although some specification may call 
for something different. 

In the flange near the left hand is shown a group of holes; these 
are for the connection of a channel which runs over the top of beam. 
As these holes are not symmetrical with regard to the axis used in 
locating the group, it is necessary to space each set with regard to 
their axis. These holes are spaced symmetrically with respect to 
the web of beam, and the distance between them is the standard 
gauge for punching the flange of an 8-in. beam, ^^^lere holes come 
in a flange these standard gauges should always be followed unless 
there are sj^ecial reasons for not doing so. . 

In the drawing, the plan of the bottom flange Is given, although 
there are no holes in it. Where printed forms ready for filling in 
measurements and details are used, this would appear and it is added 
hen^ for clearness. In actual details, however, it should not l)e 
drawn if it involves extra work and if there is no punching or cuts to 
be shown. 

Fig. 197 shows a channel detail which is similar to Fig. 196 
except that it is c"oped. In such cases, always specify the size and 
weight of beam to which it is coped and give the relation of the tops 
or bottoms, as for instance, ''cope to a 12 in., Sll-lb. I-beam flush 
on bottom", or ''cope to a 12-in., Slo-lb. I-beam as shown". In 
case the beams do not cope flush on top or bottom, the outline of the 
beam to which it copes should be shown in red in the sketch, and 
the relations of flanges clearly indicated. 

Below the sketch in beam details, is always given the specifica- 
tion of size and weight of beam or chaimel and the overall length, 
the numlx»r of pieces wanted and the mark to be put on them. This 
specification is used by the mill in entering the order for its rolling 
list and it is important that it agrees with the detailed measurements 
in the sketch. Also if the beam is cut on a bevel the extreme length 
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Steel Frame Showing Method of Attaching Angle-Iron Shelf to Spandrel Beam. This Occurs at 

Each Floor Line, and Supports the Brick walls. Note the Cast-Iron Supports in Window 

Mulllons to Stiffen the Window Opening. Sometimes these are Made of SteeL 

They are Fastened to the Floor Beams at Top and Bottom. 
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of beam tequired to give the specified l^evel should be given. Fig. 
198 shows a beam girder bearing a shelf angle for the support of wind 
joists, or a terra cotta arch of different depth from the beam. This 
requires an additional line of dimensions, giving the rivet spacing 
and the length and position of angles. The maximum rivet pitch 
of six inches is generally used. Where this angle interferes with 
connection holes or separator bolts, as in Fig. 198, it has to be cut, 
and in such cases the rivet pitch must be figured out to agree with the 
measurements fixing the connection holes or separators. 

At the top or bottom of a sheet, such general directions as apply 
to the work as a whole are given, as "Rivets, J in. diam. except 
noted". "Open holes |J in. diam., except as noted". "Paint, one 
coat Superior graphite". 

The student should carefully study all the dimensions in con- 
nection with the cuts, and should thoroughly understand these and 
the problems before starting on the subject of detailing from a plan. 
Note at each side of a beam sketch, are figures preceded by a plus 
or minus sign. These measurements denote the distance from the 
end of the beam in the sketch to the center of the beam or column 
or other member to which it coimects, or the distance from face of 
the wall to end of the beam. These figures are not necessary for the 
complete detailing of the beam, but they are of great assistance in 
checking the drawings, as they show just how much is to be added 
to or substracted from the measurements on the setting plan to give 
the length of piece as detailed. 

PROBLEMS. 

1. Practice making freehand letters of the style shown on the 
details, both capitals and small letters. Make the letters in each 
word of uniform size, also practice making letters of different sizes. 
This is important as it is often necessary on shop drawings to put 
a note on a part of the drawing where space is very limited, and the 
writing must be small. Make a copy of the alphabet (capitals and 
small letters) and a copy of the numerals; also print the following in 
three sizes: 

"All bearing plates to be faced." 

One size to have a height of i% in. for the small letters, another size 
J in. high, and the third size ^^ in. high. 
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2. Make a shop drawing of a 6-in. I-beam, 6 ft. long, with two 
holes for f-in. rivets in top flange at each end, and IJ in. from the 
ends. Also make holes for f-in. rivets spaced 6 in. apart in the 
middle of the web for the full length. The end holes should be S in. 
from the end of the beam. 

In this example, the only work specified is the punching of the 
rivet holes, and therefore, as no other work is required, the shop 
drawing will consist only of the outlines of the beam, with the rivet 
holes located on the same, and the spacing of the rivets shown by 
dimension lines, as indicated in Fig. 196. 

3. Given a 20-in., 65-lb. I-beam 22 ft long, framed into a 20-in., 
80-lb. T beam. The 20-in., 65-lb. I-beam has a 15-in., 42-lb. I-beam 
framed into each side every 5 ft. 6 in. with its top flush with the 20-in. 
I-beam. If the reaction of each 15-in. I-beam is 7 tons, state the 
number of f-in. rivets required for the connections of the 20-in., 
65-lb. beam and for the connection of the 15-in. beam, using 9,000 
pounds for shear and 18,000 pounds for bearing. 

4. ISIake a shop detail of the 20-in., 65-lb. beam in the above 
problem, using standard connections. 

DETAILING FROn FRAMING PLAN. 

The student should now become familiar with detailing from a 
framing or setting plan. Fig. 199 shows such a plan upon which 
is all the information necessary to detail the different members. 
The information given on siich a plan is taken from the various 
general plans of the building. This framing is designed for a terra 
cotta arch except the portion having 6-in. beams which is under a 
sidewalk. These beams, therefore, are on a pitch indicated by the 
arrows and the figures .375 which is the pitch in inches per foot. 

The detail of these 6-in. beams is given in Fig. 200. Note that 
at the right-hand end is shown in outline the girder to which they 
frame, to indicate that it copes on a level with this girder. Note 
also that as the web of this girder is vertical while the beams pitch, 
the framing angles have to set on a slope with reference to the axis 
of the 6-in. beam, which slope is given always by a triangle of meas- 
urements, one side of which is 12 in., and the other side inches or 
fractions. Never use decimals for this slope on the details as the 
men at the shop are used to working only to inches and the nearest 
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sixteenth. On a plan it is well to give the slope in decimals, for if 
it is a fraction over or under a sixteenth, in a long slope some error 
might result in calculating the difference in grades unless the exact 
decimal was used. 

The length of these beams is fixed by the measurement from the 
center of the girder to the face of the wall and the bearing of the beam 
on the wall. This l>earing is generally 8 in. or more. The allowable 
pressures on masonry are given in Part I, and by computing the 
reaction on the wall, the proper bearing to give can be determined. 
For the smaller sizes of beams a method would give a result less 
than 8 in., but this should be used in such cases where possible. 

The connection holes for beam No. 5 are on a pitch with refer- 
ence to the axis of the beam, since the webs of beams No. 7 and No. 8 
set vertically. 

The tie rod holes are dimensioned on the detail but not on the plan. 
These holes are rarely spaced on the i)lan, but must be on the details. 
The measurements are such as to follow what is indicated by scale on 
the plan and avoid any other holes or connections such as connections 
for beam No. 7. Tie rod holes should be shown in groups of two, even 
if only one rod bolts to the beam, as in the case of channel No. 2. 

Fig. 201 shows the detail of channel No. 9. This channel re- 
ceives the ends of the terra cotta arch along the bat»k and so it is 
necessary to rivet an angle on the bottom for the skewback of the 
arch to rest upon. Note that this stops a little short of each end in 
order to clear the connection angle at one end and the faces of the 
wall at the other. If the connection angle did not interfere, it would 
be well to run this as far as the flange of No. 15, and cut it to give, 
say I in. clearance from this flange. Note the connection holes at 
the left-hand end for a 9-in. channel have a standard connection. 
WTiere the beam or channel is set before the brick wall is carried up, 
this of course can be done; if the wall is already in, it would be neces- 
sary to use an angle on one side only. 

There is 1 in. from the center of the holes for the connections 
to the upper edge of the 3 X 3-in. angles. The connection angles for 
these beams come on the inside of the 16-in. channel and clearance 
for driving the rivet on the back is all that is re(juired here. If the 
l)eams were framed to the back of channel, this angle would have to 
be cut each side of the connection. 
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Fig. 2t)2 shows ihe detail of beam No. 11 which frames to beam 
No. 9 at one end. and al ihe other end comes on a lintel at such a 
grade that the beam cannot be framed to the lintel, and owing to 
the small depth of the linteL it is not possible to put a shelf angle 
on to receive the end of the 9-in. beam. The most practicable 
way, therefoiv, is to cut the 9-in. beam and rivet on angles which 
will bear direi tly on the top of the hntel beams. These angles have 
generally either a (Vin. le^: or a 5-in. leg in order to contain suflScient 
rivets to take the reaction of the beam at this end. In this case, 
the cut l^eing small as neganls the depth of beam, there is sufficient 
web area along the inside eilge of these angles to provide for the shear. 
If the Warn had lieen a deeper one, and the end reaction much 
larger, this might not have l^een the case. The shear angles would 
then extend Ivick to the uncut p*>rtion of the beam far enough 
to prt>vide rivets to i*:irrv- whi»le inaction to the angles, and the same 
nuniU*r of rivets wouUI lie rvt|uiretl in the portion over the bearing 
a!t*a. In gtmeraK this ivnstruction which is shown by Fig. 136, in 
Part II, sluniKl lie followeil. The lu»les in the horizontal legs of these 
anijles nuist Ih^ sjkuviI to airrve with the holes in the flanges of the 
hntel lH\inis, anil are tletenniiu\l by the sj^acing of these beams and 
the standanl g;uii^» in the flaaires. Note that ?^. rivets are the 
nuixniuan which can U' uscil in the flauire of a 7-in. beam, and that 
the hiiles for tic nnls an^ not in the tenter of the beam. TTie posi- 
tion of such holes varies; s^nnctinies they ai^ specified to be near 
the iHittoni of the U^ani. At other times where different size beams 
an^ us^hI, as in this cas^\ the sjxtcing is such as to approximate the 
ivntcrs of all. 

Fig. 2lV^ shows the detail of the lintel l>eams to which beam 
No. 11 omiUH'ts. The tabU^ on jv.^^^ 44, Cambria Handbook, gives 
the stamhml Sluicing for dotible ivams. These spacings cannot 
always Iv follow.!. In this ..... the U.uns are spread more so as 
U^nngthetlau,vs nca.. to the outside fac.. of the wall which rests 

I. an !;\ ^"'T "" ^^'^"^-^ »^'^^^^^* ^^^ -^^-^ --- the bear- 
"^ F :; 7"^ '^^^^:-^^^ — -^ — . a. note.1 in Part II. 

tW st.vl o.h u "" ^^""^-^ ^^^^ ^'- -- -- -lumn and one on 
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Fig. 202 shows the detail of beam No. 1 1 which frames to beam 
No. 9 at one end, and at the other end comes on a lintel at such a 
grade that the beam cannot be framed to the lintel, and owing to 
the small depth of the lintel, it is not possible to put a shelf angle 
on to receive the end of the 9-in. beam. The most practicable 
way, therefore, is to cut the 9-in. beam and rivet on angles which 
will bear directly on the top of the lintel beams. These angles have 
generally either a 6-in. leg or a 5-in. leg in order to contain sufficient 
rivets to take the reaction of the beam at this end. In this case, 
the cut being small as regards the depth of beam, there is sufficient 
web area along the inside edge of these angles to provide for the shear. 
If the beam had been a deeper one, and the end reaction much 
larger, this might not have been the case. The shear angles would 
then extend back to the uncut portion of the beam far enough 
to provide rivets to carry whole reaction to the angles, and the same 
number of rivets would be required in the portion over the bearing 
area. In general, this construction which is shown by Fig. 136, in 
Part II, should be followed. The holes in the horizontal legs of these 
angles must be spaced to agree with the holes in the flanges of the 
lintel beams, and are determined by the spacing of these beams and 
the standard gauge in the flanges. Note that |-in. rivets are the 
maximum which can be used in the flange of a 7-in. beam, and that 
the holes for tie rods are not in the center of the beam. The posi- 
tion of such holes varies; sometimes they are specified to be near 
the bottom of the beam. At other times where different size beams 
are used, as in this case, the spacing is such as to approximate the 
centers of all. 

Fig. 203 shows the detail of the lintel beams to which beam 
No. 11 connects. The table on page 44, Cambria Handbook, gives 
the standard spacing for double beams. These spacings cannot 
always be followed. In this case the beams are spread more so as 
to bring the flanges nearer to the outijide faces of the wall which rests 
upon them. Separators are always placed at ends over the bear- 
ings and at varying distances, center to center, as noted in Part II. 

Fig. 204 shows the detail of No. 15. Observe the difference in 
details of two ends; one coming on the cast iron column and one on 
the steel column. 
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As the beam is a 15-in. beam, while on one side is a 12-in. terra 
cotta arch, it is necessary to provide an angle on this side. The 
bottoms of the 9-in. beams are 3 in. above the bottom of this 15-in. 
girder, and if the connections were central with the 9-in. beams, 
the first hole would be Q\ in. from the bottom of the 15-in. beam. 
In order to get clearance between this hole and the upper edge of 
shelf angle sufficient to drive the rivet, and to avoid cutting the 
angle at each connection, the shelf angle is dropped, making the 
upper side of the outstanding leg flush with the bottom of the 12-in. 
beams, and the connection on the 9-in. beams raised J in. 

Fig. 205 gives the detail of beam No. 12. In this case, the 

length of beam cannot be obtained directly from the framing plan, as 

the beam No. 1 is not perpendicular to beam No. 12. The difference 

in measurement of the ends of No; 1 from the wall line is 1 ft. 10 in., 

aud the length parallel to this wall and square with beam No. 12 is 

12 ft. 8 in. from the center of the column. As No. 12 is 4 ft. 2^ in. 

from the center of the column, the bevel from the column^to No. 12 is 

4 21 
i9li7 ^ 22 = 7.31 inches, or 7^^ i^-> to the nearest sixteenth. 

The length of No. 12 from the face of wall to center of No. 1 
on this line, therefore, is 14 ft. 10} J in. The bearing on wall being 
8 in., and the clearance at the other end J in., the total length of 
beam is 15 ft. Gi'^j in. 

The girder No. 1 coming under the sidewalk Is 4 in. lower than 
beam No. 12. This Is not enough to get a shelf angle on the girder, 
or to get angles over the top of the girder, as In the case of beam 
No. 11. It is necessary, therefore, to drop the connection on No. 12 
and notch the beam over the top flange of No. 1. This notching is 
not figured on as reducing the required number of rivets in the con- 
nection, but does give an added element of strength and of stiff- 
ness. In order to get the connection In, it Is necessary to go within 
1 in. of the bottom flange of No. 12 and the top flange of No. 1 ; thus 
encroaching somewhat on the fillet In each case. As the required 
number of rivets can not be obtained in two lines, as is generally the 
case, It is necessary to use special spacing as shown. The connection 
specifies bent plates rather than angles; where the bevel Is over 1 in. 
to the foot. It Is customary to use plates. 
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Fig. 206 gives the detail of channel No. 17. This channel has 
a single angle' framing. This is a case where the channel comes into 
a wall so that a connection angle on the back side cannot be reached. 
In order to get the necessary number of rivets in the outstanding leg, 
therefore, a 6 X 6-in. angle must be used. The holes at the left- 
hand end in the web are for the connection of a channel similar to 
what is shown in the end view. 

These holes are located 
^•o^eoo ^'^'^^^ from a line which in turn 
^3 is located from the end of 
the channel; this axis is 
the back of the channel 
framing in. 

Fig. 207 gives a schedule 
of tie rods and of field 
bolts, and of bearing plates 
for the framing as shown on 
Fig. 199. 

Note the over-all lengths 
of the tie rods is 3 in. longer 
than the length, center to 
center of beams. This al- 
lows IJ in. for the two 
nuts, about f in. for half 
the thickness of the two 
webs and about ^V '^^' P^^ 
jection of rod beyond the 
Fig. 207. nut. 

The length of field bolts 
is always given from the underside of the head to the end of the bolts. 
The grip is the thickness of the metal between the underside of the 
head and the nut; that is, the thickness of the connection angles and the 
web. A projection of \ in. or \ in. beyond nut should be allowed for. 
Fig. 208 shows the setting plan of another floor, a part of which 
the student will be required to detail as problems. 

Fig. 209 shows the detail of the beam girders, Nos. 2 and 3. 
As the beams are spaced close together, connections can be used only 
on the outside of the webs. The same number of rivets in the out- 
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standing legs must, of course, be used, as would be required for a 
double-angle connection, and more rivets must be used through the 
web, as these are in single ghear instead of bearing or double shear. 
In the case of the beams shown, seven rivets are all that are necessary, 
although the standard connection requires eight. 

In such a connection as girder No. 2 to girder No. 1, it is neces- 
sary to use bolts, as there is no way of riveting. In the case of the 
connections of beams to girders Nos. 2 and 3, rivets might be used 
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Fig. 208. 



by separating the two beams forming each girder and sliding the 
framing of each outside bay over on the wall far enough to get in 
between the beams of girders to hold the rivets. After all the beams 
had been riveted up, the whole frame could then be moved back into 
position, and the girders bolted up. Such an operation would be 
expensive, as it would require considerable extra moving of the beams. 
In general, bolts through webs of both beams would be used. If the 
connection was very heavy or the greatest possible number of bolts 
barely suflScient for the load, turned bolts should be used. In this 
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case, the holes should be punched ^\ in. smaller than the diameter 
of the rivet, and then reamed to a diameter j^^j in. larger than the rivet 
so as to remove all ragged edges; the bolts would be turned down to a 
tnie diameter, the exact size of holes, for their whole length. 

Fig. 198 shows the detail of girder No. 1. This girder receives 
a terra cotta arch on each side and as the girder beams are deeper 
than the floor l)eams, angles must be used to receive the arch. These 
angles have to be cut to clear the connection angles on the beams 
framing in, however. The separators must be spaced so as not to 
interfere with the rivets in the shelf angles. 

The student should carefully study every detail shown in the 
preceding cuts, and should thoroughly understand every feature of 
them and every note, and the reason for all the special features ap- 
pearing in them. He should work out for himself all the measure- 
ments given by the details so that he will understand these and know 
just how to proceed in other cases. 

PROBLEMS. 

1. Make a shop detail of a 10-in., 25-lb. beam, 12 ft. long, 
resting 8 in. on a brick wall at each end and having holes for anchors 
at each end, and holes for tie rods in the center. 

2. Make a shop detail of a 12-in., 40-lb. beam, 15 ft. long, 
framing into a 15-in., 42-lb. beam flush on bottom at one end and 
into an 18-in., 55-lb. beam 1 in. below the top at the other end. The 
12-in. beam has holes for three 8-in., 18-lb. beams with standard 
connections spaced equally throughout the length, center to center, 
between girders. 

3. Make a shop detail of a 9-in., 21-lb. beam with a 4 X 3 X |- 
in. angle riveted to the beam the full length. This angle to be placed 
with the horizontal leg down and as near the bottom of the 9-in. beam 
as possible, and the 4-in. leg to be out. The beam rests on a wall 
8 in. at each end and it is 13 ft. 9 in. betw^een walls. 

4. Make a detail covering channels No. 7 and No. 8, show^n in 
Fig. 199. 

5. Make a detail of channel No. 17 in Fig. 199. 

6. Make a detail of channel No. 10 in Fig. 199. 

7. Make details covering the 5 to 8-in. beams, and the 14 to 
17-in. beams in Fig. 208. 
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COLUMN DETAILS. 

There are five main features in the detailing of a cohimn. 

1. The base or foot of the column. 

2. The shaft or the line members composing the column. 

3. The cap or top of the column. 

4. The connections for other members to the column. 

5. The bill of material required to make up the completed 
column. 

A column detail is of necessity more complicated than a beam 
detail and may at first appear so confused as to be unintelligible. 
If the student will bear in mind, however, these five features and take 
each by itself, it will soon become clear. 

Details of Base. The character of the base or foot of the 
column depends upon what it rests. If this is the first section of the 
column, it will generally rest on a cast iron ribbed base, or a plain 
steel or cast iron plate. It is the duty of the designer and not of the 
draftsman to determine which one of these will be used. 

Fig. 224 shows a detail of a foot of a column resting on a cast 
iron ribbed base. The base is always designed so as to take the load 
of the column by direct bearing between the line members and the 
top of the base, and the angles which are riveted to the column are 
intended simply to hold it in position in the base. 

If a plain cast iron plate is used, a connection similar to the 
above would generally l>e used, because in this case the load would 
be light and the plate thick enough to withstand the upward pressure 
without spreading the foot of the column. Such plates must be cal- 
culated in the same way explained for bearing plates under beams. 
See Part II, page 90. The projection of the plate beyond the shaft 
is exposed to bending ju.^ as the plate under a l)eam is where it pro- 
jects beyond the flange. 

If a steel base plate is used, this is generally riveted to the col- 
umn and the load then must be spread out beyond the lines of the 
shaft by vertical plates or angles, called shear plates or angles, so 
as to avoid an excessive bending moment. The size and shape of 
this plate are determined by the area required to properly distribute 
the load on the masonry and the direction in which the foot can be 
most readily spread by means of the shear plates and angles. The 
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thickness of the plate is determined by the same formula as before 
used for cast iron and bearing plates; generally it is J or 1 in. thick. 
The projection is the distance beyond the edge of the shear plate, 
or the outstanding leg of the shear angle. 

The number of rivets between the column and the shear plate 
or angle is determined by considering the area exposed to bending, 
as the outer edges of the base plate and of the shear plate. The load 
being uniformly distributed, the pressure per square inch is the total 
load divided by the total area of the base plate, and the load on 
rivets in the shear plate, therefore, is this unit pressure multiplied 
by the area over which the shear plate distributes it, as above stated. 
The balance of the column load may be considered as distributed by 
direct bearing of the line members on the plate. 

It is generally not necessary to use more than six rivets in one 
line for connection of shear plates, and some system of plates and 
shear angles should be used so as not to exceed this number, or if 
this is not possible, a cast iron ribbed base, or a smaller steel plate 
bearing on steel beams should be used. The exact number of rivets 
determined as above may be decreased somewhat if this exceeds six, as 
the plate, even if not supported by the angles or shear plate, is capable 
of taking some of the load before bending would result. Judgment 
determines largely how much consideration can be given to this factor. 

If the column is an upper section, and rests on the top of another 
section, the foot is then generally of a character similar to what is 
shown in Fig. 214. It is, of course, essential that the holes in the 
foot should match the holes previously detailed in the cap of the lower 
section. Where a horizontal splice plate is used, this should be large 
enough to bear over all the line member. Where the column be- 
low is of greater dimension, the fillers must be shipped bolted to the 
foot of the column. 

Cap Details. These are of the general form shown in Figs. 
211 and 214. They will vary somewhat according to the sections 
composing the column. In high buildings it is essential to have 
vertical splice plates to give the necessary stiffness to the joint. Usu- 
ally this splice plate extends far enough up to take three lines of 
rivets. The ends of the columns are always faced to true plates at 
right angles with the axis of the column, and so the splice plate is not 
designed to transmit any of the vertical load. 
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In arranging the holes in the cap, it is necessary to consider 
the section which comes above so as to space these holes to conform 
to what may be feasible in the foot of the upper section. This other 
section may be of smaller dimensions, and it may then be necessary 
to space the holes in the lower section closer, so as to make it possible 
to rivet up without interfering with the line members, or coming too 
near the edge of the connection angle. 

Shaft Details. This consists in locating all shelf and bracket 
angles and connection holes, or other special connections, and in 
spacing the rivets so as to conform to these connections, and not to 
exceed the maximum or minimum distance. 

The rivets in shelves and brackets having been spaced, and the 
position of these on the shaft from the top and bottom having been 
fixed, it only remains to divide the space into as many equal rivet 
spaces as possible, and put the odd spaces near the top or bottom of 
the shaft. 

Six inches is the maximum pitch allowed, and if the metal 
through which the rivet goes is less than f in. thick, the maximum 
pitch is sixteen times this thickness. Three times the diameter of 
the rivet is the minimum pitch which can be used. 

Illustrations of Column Details. In making column de- 
tails, the views are not complete views, regarded as mechanical 
drawings. The essential feature is clearness and, as the drawing 
must of necessity show as many details, it is important to omit what 
is not necessary. For instance, a column which is made up of four 
angles and a web plate should show, to be complete, the dotted lines 
indicating the legs of the angles riveted to the web. It adds to the 
clearness, however, to omit these where a connection comes on the 
flange. Similarly, in showing a view of the flange, it will add to the 
clearness to omit showing the connection angles which rivet to the 
web and are sometimes indicated back of the flange by dotted lines. 

In the case of the web view, it is generally necessary to show 
what is on both sides of the web, as except in special cases, one 
elevation only of the web is given. 

Fig. 210 gives the detail of the cast iron column shown on the 
setting plan in Fig. 199. The foot of the column rests on a solid 
cast iron plate and sets into a ring on this plate to prevent lateral 
movement. There are a variety of details for holding the foot of 
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the column in place, but this is one very generally used. The relar 
tion of the "bottom of the base plate to the finished floor line should 
always be given to enable the plate to be set at the proper grade. 

Connection of beams to columns is by a shelf under the beam 
and a lug bolted to the web to hold the beam in position. The top 
surface of the bracket should slope about yV in. so as to avoid the 
tendency of the beam when it deflects to bring the load on the outer 
edge of the bracket. 

The lugs are generally ^ or | in. thick. The bracket should 
of course be wide enough to receive the flange of the beam. The 
thickness of the bracket and rib under it varies with the load. This 

rib in general is beveled at an 
angle of 30 degrees with the axis 
of the column. The accompany- 
ing table gives the thicknesses 
which are suflScient for most 
cases. 

The lugs are braced by ribs 
back to vhe column shaft so as 
to prevent being broken off. 
The flange at the top which 
connects the two sections of the 
columns may be | in. or more, up 
to li in. in some cases; for usual 
sizes of columns, f or 1 in. is 
suflicient. The holes in the 
flange must be spaced so as to 
enable bolts to be turned up 
without interfering with the shaft 
of the column and the distance 
from the top of the beam to underside of the flange must be sufiScient 
for this purpose. 

Fig. 211 gives the details of the beam connections, and the cap 
for column No. 2 in Fig. 199. This is not a complete shop detail 
but shows one of the steps in the complete detailing of a column 
which is generally the first step; namely, the drawing of connections, 
locating the same on the shaft and spacing rivets in the connections. 
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Note that the spacing for holes in the cap and in the shelf angles 
is given in a separate plan, and in this plan the holes are located 
with respect to each angle and are also located by measurement 
between holes on opposite sides of the axis of the column. This 
is advisable in case there is any variation in the measurement back 
to back of the column angles, or between outside fa<5es of angles. 
After the column is riveted up, other measurements can be adjusted 
to the over-all measurements between holes; this measurement is 
also useful in checking. 

The cap angles are bolted on for shipment. In many cases 
it would be impossible to place a beam between the webs of two 
columns without taking off the cap angles; for this reason, cap angles 
on the web should always be shipped bolted on. Cap angles on the 
flange, in many cases, do not require to be bolted on. Where there 
are flange plates, the rivets must either be flattened or the beam 
cut short to allow clearance for the rivet heads. Where the spacing 
between the vertical lines of rivets in the flange is sufficient to allow 
the flange of the beam to be lowered between them, the cap angles 
could be bolted on and the rivets would not then need to be flattened. 

The draftsman should constantly have clearly in mind what is 
necessary to enable the structure to be erected. The details must 
often be modified in some way to avoid a construction in which it is 
impossible to erect some member. 

The outstanding legs of shear angles under the brackets are 
here shown riveted together. As previously stated, many details 
are made with only one shear angle, and where two are used they are 
not always riveted together. For ordinary loads it is not essential 
to rivet them together, but is better construction and should always 
be done where the loads are very considerable. 

Fig. 212 shows the detail of a column composed of two angles, 
back to back, and Fig. 213 gives the bill of material. The only 
loads in this case are from the l)eams over the top. If a beam was 
framed into the shaft of the column parallel with the axis of the 
two adjacent legs, a connection of a plate riveted to these angles 
with shelf angles riveted to this plate similar to what is shown for 
the head, could have been iised. The student should study care- 
fully the bill of material of this column, and thoroughly understand 
each item and the notes regarding the shop work to be done. 
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Fig. 214 shows the second section of a box column made of two 
channels with flange plates. Table V, Part I, gives the distance 
back to back of channels, in order that the radius of gyration shall 
be equal about each axis. In a box cqlumn the distance back to 
back of channels, should never be less than this. The Carnegie 
Company and most other shops have standard spacings for such 
columns which should in general be followed. 

As the flange plates on this section are not as thick as those on 
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Fig. 215. 

the lower section, it is necessary to ship filler plates bolted to the 
column. 

There are two beams framed to each flange of this column so 
that the shear angles are spread to come as nearly as practicable 
under the web of the beams. Ttese angles cannot always be made 
to come directly under the web on account of the relation between 
the spacing of beams and the spacing of rivets through flanges of 
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channels of columns. Some variation in size of angles can be made, 
however, at times to effect this result. 

WTiere box columns are used, it is better to keep the spacing 
back to back of channel the same throughout all sections. If this 
is less in the upper sections, it brings the load of this section on to the 
horizontal splice plate between the sections. The distance between 
the cap and shelf angles is generally J in. more than the depth of the 
beam, to allow for clearance. The rivets between the cap and shelf 
angles are flattened here, as with one beam in position there would 
not be space to lower the other beam between the rivet heads. 

Fig. 215 gives the bill of material for these box columns. Fig. 
216 shows the framing of the beams coming on columns No. 1 and 
No. 2. detailed in Fig. 217. This column has a heavy steel base 
riveted to it. The load on the section is 265,000 pounds and it will 
be seen therefore that the rivets in the shear plates are amply suffi- 
cient for the portion of the load coming upon them. The plate W 
riveted to the web increases the bearing area of the foot of the column 
and adds somewhat to the efficiency of the base. 

In this connection and in such cases where sheao" angles are 
used over a shelf angle involving the use of a filler, below the shelf 
angle and back of the shear angles, as shown by the details of this 
column, the student should note the difference between a tight and 
a loose filler. 

Fillers G and II are loose fillers. They have no rivets holding 
them individually to the main members. The stress in the rivets 
through such a filler does not go into the filler, as there are no extra 
rivets to take it. out again from the filler to the main meml^ers. Such 
rivets, therefore, are subject to bending if calculated for their full 
value. They should not be considered for more than one-half the 
value of rivets directly connecting the main members. Filler W is a 
tight filler as regards the two rivets through the angles X on the axis 
of the column. A tight filler has provision by additional rivets for 
taking the same amount of stress from itself to the main member as it 
receives. 

The open holes shown in the base plate are for anchoring to 
the foot! ng — such heavy columns are not usually anchored except 
in special cases; It is well, however, to provide for this if there is any 
possibility of its being required. 
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In the connection for floor beams it will be noted that a 10-in. 
beam comes in on one side of the web and a 12-in. beam on the other 
side. Such cases often result in special cap angle details in order 
to provide for riveting without interference on either side. In this 
case it is impossible to get the upper holes in cap H more than J in. 
from the upper edge of cap M unless these holes are brought nearer 
the upper edge of H than l\ in., which it is undesirable to do. It is 
necessarj', therefore, to add an extra filler B B to fill out flush with 
the angle N so as to be able to rivet. The student should follow the 
detail through and see just why this condition results from the meas- 
urements given. 

The four rivets in angles L are countersunk on the fa'- side so as 
to avoid a filler and riveting through angle N. 

The 10-in. beam connecting on the flange of the column at one 
side of the axis, requires a connection 
similar to that shown. If the load com- 
ing off the axis was very heavy, a deeper 
shear plate would be used back of the Ni^/ffrn/ A7\^!ci 

shelf angle, and it would be better to 

run this shear plate across both angles |— 

of the flange, both to provide for the Po- 999 

bending on the rivets and also to distri- 
bute the load more uniformly with respect to the axis of the column. 

There are no standard details for eccentric and special framings. 
The draftsman must use his judgment and endeavor to get as simple 
and effective connections as possible. 

The section which comes on top of this one has 5-in. angles, 
in order to use standard spacing in these angles, therefore, the spac- 
ing in splice plates has to be on a special gauge and this place is 
beveled to give a neater appearance when the two sections are riveted 
together. Fig. 218 gives the bill of material. 

Fig. 219 gives the detail of an angle over an opening resting 
in a wall at one end and framing to a beam at the other. The holes 
in the horizontal leg are for securing the frame of the window. As 
this angle has framing on one end only it is not reversible and there- 
fore for the wall on opposite side of the building the angle must be 
made ** opposite hand" or reversed. 
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Fig. 220 gives the detail of a spandrel girder and shows in out- 
line the relation of the stone facing to the girder. This wall section 
is a pier and the width of it is indicated by the length of the 8-in. 
channel at the right-hand end. At the opposite end the wall is only a 
covering for the column and is carried on the column. This channel 
supports the block surrounding it, w^hich in turn supports the mass 
of stone above; the course below is hung by anchors, to the 8-in. chan- 
nel. The channel is supported by brackets from the beams which 
are detailed separately for clearness, although they are shipped 
riveted to the beam. The connection A runs back to the column. 
There are two floor beams framed to the girder, but as the space 
between center of beams is 11 in. there is sufficient room to drive 
rivets passing through only one beam, and this is preferable, there- 
fore, to using through bolts. 

Note the specification "Ship Unassembled". This means that 
the two beams are not bolted together for shipment. 

Fig. 221 gives the detail of a cast iron base for a plate and angle 
column having a 12-in. web. The outlines of the members of the 
column shaft should be carried down by similar outlines in the cast 
iron base. In this case the box of the base is H-shaped and the 
centers correspond to the centers of the shaft members. The thick- 
ness of this box under the column must be sufficient to carry the 
whole load of the column without exceeding the safe compressive 
strength of cast iron. The size of the base depends upon the area 
required to distribute the load on the footing. The purpose of the 
ribs and base is to resist the tendency to break, due to this uniformly 
distributed load on the footing. Failure w^ould generally occur 
through the bending action of the portion of the base projecting 
beyond the box. The moment on this may be figured as for a beam 
fixed at one end and free at the other and loaded uniformly with the 
load per unit of bearing surface. 

Taking one rib and the base half way on each side between the 
next rib would give a section at the box, which may be taken as the 
fixed end, similar to Fig. 222. Calculate then the position of the 
neutral axis and figure the moment of inertia of the section about 
this axis. Having determined the bending moment for the width 
between the ribs, the fiber stress in tension and compression can be 
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found by the formulas used in calculation of beams, f — -j~- where 

M is the bending moment in inch pounds, y the distance from the 
neutral axis to the extreme fiber, and I the amount of inertia. 

A section must of course be assumed at the outset and it may be 
necessary to modify this to come within the recfuirements. It is 
necessary also to calculate the stresses at the most unfavorable sec- 
tion, and to see that there is sufficient metal across the corners to 
prevent cracking diagonally between the foot of the ribs on adjacent 
sides. 

Different sections of columns require, as previously stated, 
different sections of box under the column, and this would affect 
the arrangement of the ribs more or less. These ribs in general 
should be at an angle of 45 or 60 degrees. In some cases lower bases 
can be used, but these are of course subject to greater bending strains. 

PROBLEHS. 

1. Given a 12-in., 31 Wb. beam framed to a column at each end, 
the distance between faces being 12 ft. 2i in. The beam has two 
7-in., 15-lb. I-beams framed on one side and opposite these in each 
case is a 12-in., 31i-ll>- I-beam. The distance from center of con- 
nections to the face of the column at each end is 3 ft. oj in. Make 
a shop detail of the 12-in. girder, all beams being flush on top. 

2. In the above problem, if the 7-in. beams frame at the other 
end to a 12-in., SlJ-lb. beam along a wall, both being flush on top. 
and it is 11 ft. center to center of girders, make shop details covering 
both 7-in. beams. 

3. Given a 15-in., 33-lb. channel framed to a column at each 
end, the distance being 16 ft. 5J in. between faces, and the channel 
having a 3} X 2^ X J-in. angle on the back side, with the long leg 
vertical and 1| in. from the bottom. A 10-in., 25-lb. beam frames 
flush with bottom of the channel 5 ft. 4 J in. from face of each column. 
Make detail of above. 

Hill Building: Columns. Fig. 223 gives the detail of the 
columns shown in Fig. 186, Part II, and by the plate on the preceding 
page. This is a latticed channel column. Each flange is double 
laced, that is, it has two systems of lattice 'bars. In many cases such 
columns have only one system across each flange; in such cases the 



251 Digitized by Google 



212 



STEEL CONSTRUCTION 




I 
I 



I 

I 

I 



$ ^..5$ 
•^^1 



"^t:f 



Pig. 225. 



262 



Digitized by 



Google 



STEEL CONSTRUCTION 



243 



bars on one flange would cross those on the opposite flange; just as 
if one system shown by Fig. ISO was on one flange and the other 
on the other flange. 
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Fig. 226. 

This column has a bracket for a crane track girder with a dia^ 
phragm bracing the crane girder to the column. The roof column, 
as sho\Mi by Fig. 186, is a plate and angle column and sets down 
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between the channels, as the web runs at right angles to the web of 
the channels. It is always better to avoid re-entrant angles in a 
plate if possible. In a case like this where a bracket plate comes into 
the lines of the column at the top and there is a plate the width of the 
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flanges above this point, it is better to make tins a separate plate. 
If tliis plate is necessary for the effective area of the column the joint 
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can be faced. The bracket and shelf angles on the plate are for a 
l)eam framed between columns. 
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The student should be able to follow this detail and understand 
all the points without further explanation. 
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Fig. 224 shows another type of column made of a web plate and 
four angles with channels across the flange angles^ the flanges being 
turned in. 

There are various reasons for turning the channels with flanges 
in; here it is desirable to have a 10-in. arch for stiffness, and the thick- 
ness (ji the wall in which this column comes makes it necessarj^ to 
turn the flanges in; this also allows the column to set flush with the 
inside face of the wall and gives a smooth surface. Then again, 
this gives good connection for the cranes girder bracket and for 
the wind strut below, at N and O. 

The top of this column receives a heavy floor girder and anotlier 
column; the latter column is made of a smaller web so as to provide 
a seat over the main column members for the girder. Fig. 225 gives 
a detail of the wind strut which frames between the columns. 

In columns of the type shown in Fig. 224, the dimensions must 
be such as to give room between the flanges of channels, and between 
the flanges and web, to rivet up the different members. 

For light building construction columns are sometimes made of 
hollow iron pipe fitted with a cast iron cap and base. The dimen- 
sions, weights, etc., of standard steam, gas, and water pipe, as manu- 
factured by the American Tube and Iron Co., will be found on page 
344, Cambria Handbook. Fig. 233 gives a diagram giving the 
"strength of wrought iron pipe in compression" according to the 
formula 

10750 - 399 ^'^ 
r 

in which L — length of column in feet 
r = least Vadius of gyration. 
For example, suppose we wish to select a size of pipe suitable 
for supporting a load of 25,000 pounds, and having a length (or 
height) of fifteen feet. Along the left hand side of the diagram, 
under "thousands of pounds" find 25 (ie. 25 thousands), and then 
find the length ( = 15 feet) along bottom line of the diagram. Fol- 
low the vertical line at 15 feet until it interscx-ts the horizontal line 
through 25 thousands, and the nearest inclined line above that point 
will give the diameter of the pij^e to be used. In this case a 5-in. 
diameter will be recjuired. 
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PROBLEMS. 

1. Fig. 226 shows a framing plan on which is all the informa- 
tion necessary to detail the different members. Make a detail of 
column No. 4, £:^suming that the bottom of the column rests on a 
cast iron web base 12 ft. below the top of the 15-in. beam No. 9, and 
that the column is arranged to receive another column of the same 
size, the joint being 1 ft. 6 in. above the top of the 15-in. beam. 

2. Make details covering the 10 to 13-inch beams in Fig. 208. 

3. Make a schedule of tie rods and of field bolts required for 
all framing shown in Fig. 208. 

4. Suppose that in Fig. 199 the cast iron columns ha<I a 12-in., 
31 ^-Ib. beam instead of the 15-in. beam, a 7-in. instead of the 10-in. 
beam, and a 9-in. instead of the 12-in. beam, and that all beams were 
flush on top and the other features the same as shown in Fig. 210. 
Make a detail of such a column. 

5. Make a bill of material for the column shown in Fig. 224. 

6. Given a portion of a framing plan as shown in Fig. 226. 
Make shop details of (a) beam No. 1 resting on the column. (6) beam 
No. 2, and (c) channels No. 3 and 4. 

7. Given a beam box girder framed between two columns as 
shown in Fig. 227. Make a shop detail of this girder using a uniform 
pitch of rivets of 3 in. in the plates. 

8. Given a lintel comj)osed of two lO-in., 15-lb. channels 
framed between two columns, the channels being placed with the 
flanges turned in, 10 in. back to back, and 14 ft. 8 in. between the faces 
of columns. Make a complete shop detail and order for all parts. 

9. Given a pit under an elevator to be framed with 3 X 3-in., 
6.6-lb. Ts, 17-in. on centers, to receive terra cotta tile. These Ts 
frame between the webs of 15-in., 42-lb. I-beams at each end, which 
are 7 ft. 3 in. center to center. The distance from the top of the beams 
to the bottom of the flange of the Ts is 6 in. ]Make a shop detail 
of the Ts. 

10. Given a portion of a framing plan as shown in Fig. 228. 
Make a shop detail of beams No. 1 and 2 which are framed between 
columns. 

11. In the al)ove plan make detail covering beams, No. 4 and 5. 

12. Given a 15-in., 42-lb. beam framed between the webs of 
two columns, 20 ft. 8 in. center to center on a line perpendicular to 
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the axis of the webs, and the center of one column is 1 ft. 9 in. off 
from the other in the direction of the webs. The webs of the columns 
are I in. thick. The beam has a 12-ft., SlJ-lb. beam framed to it, 
2 ft. 1 in. from the center of one column, the tops being flush. There 
are also holes for two lines of J-in. tie rods. Make shop detail. 
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PART IV 



RIVETED GIRDERS 

Functions of Flanges and Web. Riveted girders are made up of 
two general parts (a) — the top and bottom members — which are 
termed, respectively, the top and bottom flanges; and one or more ver- 
tical plates (6), called the web-plaie, connecting the top and bottom 
flanges. 

Girders of one web-plate are called single-web girders; of two 
plates, dovble-web girders; of three plates, triple-web girders. Figs. 
240, 241, and 242 illustrate these different types. 

The function of the flanges is to take the compression and tensile 
stresses developed in the outer fibers by the beam action. The func- 
tion of the web is to unite these two flanges and to take care of the 
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Fig. 240. Fig. 241. Fig. 242. 

shear. These functions are distinct. In a rolled beam, the stresses 
are considered to be distributed over the whole cross-section just as in 
a rectangular wooden beam; and this stress varies uniformly from the 
neutral axis. A rolled beam, therefore, is proportioned by using the 
beam formula, and determining from it the required moment of inertia. 
A riveted girder, however, is not a homegeneous section; the 
flanges are separate from the web, except as they are united to it at 
intervals by rivets. For this reason the stress in the extreme fibers on 
the compression and tension sides is considered as concentrated at the 
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center of gravity of the flange, and the flanges are considered as taking 
all the compression and tension stress. 

The bending moments caused by the vertical loads acting on the 

girders are considered as re- 
TopHan^e sisted, therefore, by their 
tension and compression 
stresses, which form a couple 
whose arm is the distance be- 
tween the centers of gravity 
of the two flanges, as illustrat- 
ed by Fig. 243. 

Proportioning Flanges. 
Referring to Fig. 244, if the 
bending moment on the girder 
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Fig. 244. 

is M, and A is the distance l^tween centers of gravity of flanges then 

M . 

% - = F = the tension and compression forces necessary to balance 

the bending moment. 

If /c = Allowable Stress per square inch in compression, and if 

ft = Allowable Stress per square inch in tension] then 

F 

Area required in compression, flanges, and 



fc 

F 



Area required in tension flange. 
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The values of fc and fi vary with the class of construction in which the 
girders are used. These are generally specified in each case. The 
usual values for different classes of construction are as follows : 
ALLOWABLE VALUES 
For Buildings: 
ft (tension) = 15,000 pounds per square inch, net area. 
Jc (compression) = 12,000 pounds per square inch, gross area, re- 
duced for ratio of unsupported length to width of flange. 
fg (shearing stress) = 12,000 pounds per square inch, net area. 

For Highway Bridges: 
fi = 13,000 pounds per square inch, net area. 
fc = 11,000 pounds per square- inch, gross area, reduced for ratio of 

length to width of flange. 
Js = 10,000 pounds per square inch, net area. 

For Railway Bridges: 
ft = 10,000 pounds per square inch, net area. 
fc = 8,000 pounds per square inch, gross area, reduced for ratio of 

length to width of flange. 
fg = 8,000 pounds per square inch net area. 

The practice regarding the reduction of allowable compression 
stress varies somewhat; but the following formula is a conservative 
one for general use: 

1 +-— ^ — 

5,000 W^ 
where / = Fiber stress to be used in compression; 
fc == Specified fiber stress unreduced ; 
/ = Ivength of unsupported flange (in inches); 
\V = Width of flange (in inches). 
In ordinary construction, the fact that the two flanges are gener- 
ally made of the same section makes it unnecessary in many instances 
to consider this reduced compression-fiber stress. If the unsupported 
length of top flange is long, however, so as to make the section deter- 
mined for bottom flange insufficient, then both flanges should be made 
the same as that required by the compression value. 

When the girder is short, and the web-plate is not spliced, allow^ 
ance is sometimes made for the portion of the compression and tension 
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which the web may carry. In doing this, the net area of the w^eb — 

deducting rivet-holes — is considered concentrated at the centers of 

gravity of the flanges, and as reducing the required area of the flanges 

by an amount equal to | t h^, in which t = thickness of web, and h^ 

= depth. WTien this assumption is made, therefore, the required 

. F 
area of each flange is ~ — Ith^, in which / is the compression value for 

the top flange and the tension value for the bottom flange. 

There is a considerable saving in the templet and shop work if 
both flanges are made alike; the extra weight in one flange which may 
be added, will often he more than offset by the saving in shop work. 

It is a very general practice, therefore, to make both flanges alike 
in section, determining this by whichever flange requires to be the 
larger. 

Economical Depth of Web. It will be seen that the areas re- 
(fuired for the flanges are dependent on the depth of the web. Where 
there are no conditions limiting this depth to certain values, it is de- 
sirable, therefore, to fix it so as to give the most economical section. 
For a uniformly distributed load, this depth is generally from -J^ to 
^\ of the span. Sometimes several approximations of this depth 
can be made, and the corresponding areas determined; and then, by 
computing the weights of flanges and web-plates so determined, the 
most economical section can be chosen. 

In a great many cases, especially in building construction, the 
economical depth cannot be used, because of conditions fixing this 
depth with relation to other portions of the construction. In other 
cases, certain sections of plates and angles must be used in order to 
obtain quick delivery; and accordingly, the depth must be fixed to 
harmonize with these sections. 

Proportioning the Web. As before statetl, the function of the 
web is to resist the shear. 

The student should here note that, as explained under "Statics," 
the loading which w^ill produce maximum shear is not necessarily the 
same as that which causes the maximum bending moment. 

In highway and railw-ay girders, this loading is always different. 
In building construction it is very often different, because certain 
beams may frame into the girder over the support and these beams 
must be considered in determining the shear although they are not con^ 
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sidered in detemiining the l)ending moment. Again, a girder may 
carry a wall, and a portion of this wall may come directly over the end 
supports of the girder. This portion will materially increase the 
shear wliile perhaps not affecting the bending moment. 

The general statement of loads to be considered in determining 
the shear where all loads are fixed in position, is to include all loads 
which directly or indirectly can come upon the girder, and to deter- 
mine the maximum end reaction for these loads. (The determination 
of web shear for moving loads, will be treated under "Bridge Engi- 
neering)." Sometimes the shear at one end is greater than at the other, 
in which crse the section is fixed by the requirements at the end having 
greatest shear. 

Ilavinf*" determined therefore, the maximum shear, the required 

S 
area of web is j= I ih 

Is 

in which S = Maximum shear; 

/, = Allowable shearing stress per square inch of net area of 

web; 
t = Thickness of web; and 
h ^ Depth of web. 
The net area is assumed as f the gross area. 

Crippling of Web, and Use of Stiff eners. The value of /, to be 
used depends on the clear distance between the adjacent edges of the 
top and bottom flange angles, and upon whether or not stiff ener angles 
are to be used. 

The distribution of the shear over the web causes compression 
forces acting at angles of 45 degrees with the axis of the girder, in the 
manner indicated by Fig. 245. The web, therefore, under these com- 
pression stresses, is subject to failure laterally, just as a long column. 
The allowable shearing stress must therefore be reduced by a formula 
similar to the column formula, which may be taken as 

12,0 

■^ 3.000 P 

in which d c = distance between flanges; and t = thickness of web. 

Either the web must be made thick enough not to exceed this 

allowable stress on a length 1 ,414 d c, which is the length on a 45-degree 

line between the adjacent edges of flange angles, or this unsupported 
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length must be reduced by using stiffeners so spaced as to cut this 45- 
degree length down to limits which will conform to the allowable shear- 

ing stress given by the 

formula and to the thick- 
ness of web which it is 
desired to use. 

Webs less than -^^ 
inch thick are rarely 
used. For greater thick- 
nesses, it is a matter of 
economy generally to use 
stiffeners. For very 
heavy loads, however, or 
for long spans, |-inch or 
i-inch webs would be 
used, with or without 
stiffeners, as might be 
required. 

It will be seen from 




Fig. 245. 

the above consideration, that, where the shear varies from the end 
towards the center, the required spacing of stiffeners will increase to- 
wards the center, since the area of the web is constant. 

When the shear has reduced to the point where the area of web 
is sufficient to resist buckling on a length of 1.414 d c, then the stiffeners 
may be omitted. A convenient diagram for determining spacing of 
stiffeners is shown in Fig. 246; the use of this diagram will be illus- 
trated by a problem. 

Suppose the shear at the end of a girder is 100,000 pounds; and 
the clear distance between flange angles is 22 inches, and the web which 
it is desired to use is 30 inches by f inch. The gross area of web is 
then 1 1.25 square inches, and the shear per square inch of gross area is 
8,900 pounds. Following up the vertical side of the diagram until the 
line corresponding to 8,900 is found, then following this line until it 
meets the line of a f-inch web, and then looking under this inter- 
section to the lower horizontal line, it is found that stiffeners must be 
spaced about 12 inches apart in order to conform to the above con- 
ditions. 

If it was desired to find what thickness of web was necessary in 
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order not to recjuire stiffcners, the flange angles Inking 22 inches apart 
in the clear, this would he determined as follows: 

Follow up the vertical line corres{K)nding to 22 inch'?s as given at 
the bottom of the diagram, until this line meets the line corresjx^nding 
to such a thickness of web that the gross area is sufficient to bring the 
shearing stress within the limit by the horizontal line at this intersection 
of web-line and vertical through 22. 

In this case the nearest intersection is found to be the J-inch web. 
The area of a 30-inch by J-inch web is lo scjuare inches, and this gives 
a shearing stress per scjuare inch of 6,075 pounds. The allowable 
stress as given by the diagram is 7,400 pounds; but the y^j-inch web 
found to give a shearing stress of 7,040 pounds, whereas the allowable 
shear for a -j'^g-inch web with angles 22 inches apart is only 6,600 
pounds. 

It would be found more economical to use a f-inch web with 
stiffeners, than a J-inch w'eb without stiflfeners. 

Another use of stiffeners is to stiffen the web at concentrated 
loads. The most important case under this head is the reaction at the 
bearings of the girder. Stiffeners are always used here, and they are 
generally placed so that the outstanding legs will come nearly over 
the edge of the bearing plate, as illustrated by Fig. 247. Sometimes 
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Ki^^217. Fig. 248. 

the special nature of the bearing — as, for instance, the disposition of 
column meml)ers — makes it desirable to place these stiffeners close 
together, or in three lines instead of two. The fundamental idea is 
to place the stiffeners so as to distribute the reaction in the most direct 
way to the bearing. If this bearing is masonrj', the stiffeners will be 
placed so as to give uniform bearing; if a column, they will be placed 
80 as to correspond as closely as possible w^ith the line members of 



870 



Digitized by 



Google 



STEEL CONSTRUCTION 2m 



the column. \\Tierever heavy concentrated loads from beams, other 
ginlers, masonry piers, etc., occur, stiffeners should be used to stiffen 
the web against this concentrated application of load. Stiffeners over 
bearings should be fitted to both the top and bottom flange angles. 
Stiffeners at loads on the top flange need be fitted only to the top flange 
angles. 

Stiffeners used simply to prevent buckling from the shear, need 
not be fitted to either flange. Sometimes stiffeners used for this latter 
purpose are not carried over the flange angles, but stop clear so as to 
avoid the necessity of fillers, as indicated by Fig. 247. It is better 
practice, and more generally followed, to carry these angles over the 
flange angles, as shown by Fig. 248. 

PROBLEMS 

1. Determine by the method previously described the bottom 
flange section of a girder 28 inches deep between centers of gravity of 
flanges, and having a bending moment of 3,500,000 inch-pounds. 
The flange is to l)e proportioned to cany the whole bending moment. 
I se fiber stresses given for building. 

2. In the above problem, if the top flange is unsupported later- 
ally for 20 feet, determine tlie section of top flange recjuired, using the 
formula given for reducing allowable compression stress. 

3. Given a girder 33 feet long between centers of bearings, and 
carrying a uniformly distributed load of 2,000 pounds per linear foot. 
Assume a web 30 inches deep and 34 inches between centers of gravity 
of flanges. Determine bottom flange section without making any 
allowance for the portion of bending moment carried by the web. 

4. In the above girder, redesign bottom section on the basis that 
the web is not spliced and that it bears a portion of the bending mo- 
ment. 

5. Determine the thickness of web required in above girder. 

6. If the girder was 40 feet long, 42 inches deep, and loaded with 
4,000 pounds per linear foot, determine the thickness of web if no 
stiffeners are to be used. Assume flange angles are 6 inches by G 
inches by I inch. 

7. Determine thickness of web in above girder which could be 
used with stiffeners, and determine spacing of stiffeners required. 

Solution. In this case the shear at end is 80,000 pounds. From 
the diagram for spacing of stiffeners, it will be seen that any thickness 
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of web from -^^ inch up could be used. Where stifleners are used 
to prevent buckling of web, it is more economical to use a f^^inch 
web than a f-inch. If the girder was 60 inches deep, probably it 
would not be well to use less than §-inch web, even with stifleners. 
In this case assume a ^^ by 42-inch web. Area is therefore 13.12 
square inches, and fiber stress is 6,150 pounds. 

From the diagram it is seen that a -j'^^-inch web with this stre&r 
per square inch requires stifleners about 16 \ inches back to back. 
This then determines the space of first stiflFener from those over the 
bearing plate. Assume two spaces the same as this, and then deter- 
mine shear at point say 3 feet 6 inches from the end bearing. This is 
found to be 80,000 - (4,000 X 3.5) = 66,000 pounds. The stress here 
is about 5,075 pounds per square inch of web. From the diagram, 
this is seen to require stiffeners 20 inches apart. Assume two more 
spaces at 20 inches, and calculate shear, which is found to be 52,600 
pounds. This gives a fiber stress of 4,050 pounds per square inch of 
web, and requires stifleners 24 inches apart. Take three spaces at 
this distance, and calculate shear, which is found at this point to be 
28,600. This gives a stress of 2,200 pounds per square inch of web. 
From the diagram the spacing of stifleners for this fiber stress, in a 
-j^fl-inch web, is found to be 36 inches. This distance, however, is 
greater than the clear distance between flange angles, which is 30 
inches, and indicates, there .'ore, that at this point the web is strong 
enough without being stiffened by angles. 

If it is desired to see whether or not two spaces at 24 inches, in- 
stead of three as above taken, would have been sufficient, the shear at 
this point can be calculated. This is found to.be 36,600 pounds, or 
2,800 pounds per square inch of web. This is seen to require stiffeners 
31 inches apart. This is greater than the distance between flange 
angles, and indicates that the last stiffener could be omitted. How- 
ever, it is better to carry the stiffeners a little beyond the actual point 
where the diagram would indicate that they could be dropped; so that 
it would be better to use the last stiffener, as originally determined. 
The spacing of stiffeners at each end of girder is of course made the 
same where the load is uniformly distributed. 

Size of Stiffeners. Stiffeners for concentrated loaxls and for reac- 
tions should have sufficient area to take the whole load or reaction 
at this point. Stiffeners used to prevent buckling are not generally 
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calculated, but are made either 3 x 3 x f inch or 4 x 3 x ^ inch. When 
stiffeners are fitted to the flanges, the outstanding leg should be made 
large enough to come nearly out to tlie edge of the flange angle. If 
the flange angle is 6 by 6, the stiffener would be perhaps 5 by 3^. 

Cutting Off Flange Plate. In heavy girders the flanges are made 
of angles with cover-plate. Sometimes only one plate is required; 
at other times four or more will be needed. As the maximum moment 
is the moment determining the flange section, and this usually varies 
from point to point, it will be seen that for economy the number of 
plates should be proportioned to the varying moment, ^\^lere the 
girder is loaded uniformly, the bending moment is a maximum at the 
center of the span, and varies toward the ends as the offsets to a par- 
abola. A convenient way, therefore, to determine for such a case 
where to stop the different plates, is to lay off to scale the span, and 
on this axis construct a parabola, making the ordinate at the center 

represent the recjuired area, from the formula ^ = A. A convenient 

method of constructing the parabola will he to lay off the offsets, which 
are determined at different points by the formula 



,= /, n - (7 ^^T as illustrated by Fig. 249. 



From this diagram, the point at which an area equal to one of the 
plates can be dropped off, will be found by drawing a horizontal line 
at a distance down equal to the area 
of the plate at the same scale as 
the center ordinate. WTiere this 
line cuts the line of the parabola, 
will be the exact length of plate re- 
quired. Sufficient length should be 
added at each end to enable rivets 
enough to be used to develop in single shear the stress in the plate. 
Usually this will be about 1 foot 6 inches at each end. 

Another method of determining where to drop off plates when the 
load is uniformly distributed, is to use the formula 




Fig. 249. 
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in which x = Distance from center to point where area of plate is 
not required; 
Aj =- Area of plate to be cut off; 
A = Total required flange area at center, 
M , 

L = Span. 
When the loads are concentrated, and the moment does not vary 
uniformly from point to point, the only way is to calculate the moment 
at different points, and proportion the flange and at these points in the 
same manner as at the center. 

PROBLEMS 

1. Given a girder 50 feet long, having a flange section of two 
angles 6 x 4 x ^, and 2 cover-plates 10 x f inch. Construct a parabola 
on this length as an axis, and determine the distances between the 
points where from diagram each cover-plate could be left off. 

2. In above girder, determine actual length of cover-plates re- 
quired by using the formula for cutting off plates. 

3. Given a girder 40 feet long between centers of bearing, loaded 
with 120,000 pounds concentrated at four points equally distant. 
Determine the bottom flange section, and length of cover-plates. 

Solutioa Max M. = 30,000 X 8 X 3 X 12 = 8,640,000 inch- 
pounds. Assume web 36 inches deep, and effective depth as 34 inches ; 
then flange stress = 254,000 pounds. This, at 15,000 pounds' fiber 

. 254,000 __ . , 

stress, requires "irrT^ri" = 16.95 square inches. 

In this, as in all calculations of girders, a great many sections 
could be chosen. In all problems the student must use his own judg- 
ment as to just what shapes to use in order to make up the section. 
Take 

2 angles 6 x 6 x f = 7.28 (two holes out) 

2 plates 14 X f = 9.75 (two holes out) 

17:03^ 
Note that in deducting area of rivet-holes from bottom flange, 
the hole is considered 1 inch in diameter, even though J-inch rivets 
are used. If smaller rivets were used, this might reduce the assumetl 
diameter of hole to f inch. 
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From the manner in which this girder is loaded, it will be seen 
that the points at which the plate can be left off will be near the con- 
centrated loads. Omitting both plates will leave a net area of 7.28 
scjuare inches; this corresponds to a flange stress of 7.28 X 15,000 « 
109,200 pounds; and to a bending moment, assuming the same effect- 
ive depth as at the center, of 109,200 X 34 « 3,712,800 inch-pounds. 
The reaction is 60,000 pounds; and it is therefore seen that the point 
corresponding to this moment is between the reaction and the first 

3 712 800 
load. Its position is found as ~( ^rLr\ " 61.88 inches « 5 feet 1} 

inches. 

If this first plate is carried 1 foot 6 inches beyond this point, then 
its total length becomes 32 feet 7\ inches. 

At the point where the second plate is dropped, the net area is 
12.10 square inches. This corresponds to a flange stress of 12.10 X 
15,000 == 181,500 pounds; and to a bending moment of 181,500 X 34 
- 6,100,000 inch-pounds. 

The l)ending moment at the load nearest the reaction is 60,000 X 
8 X 12 = 5,760,000 inch-pounds. 

The moment between this load and the next load increases by an 
amount ecjual to 60,000 — 30,000, multiplied by the distaace from the 
load. That is, at a point x distance from the last load, the moment 
will have increased (()0,000- 30,000) X a- X 12 inch-pounds. 

The bending moment which the angles and one cover-plate can 

carry was found to be 6,160,000 inch-pounds. The moment at first 

1 1 • 5,760,000 ,, , , . ^ . ^ , 

load IS -' = allowable increase to point where 

400.000 ^ 

second cover is re(|uired. 

The distance from this first load to the point where it will be 

necessary to add the second cover-plate, is found, therefore, to be 

400,000 ,,^, 

30,000 X 12 ^ • 

As this is so near the point at which the load is applied, it would be 

l)etter to add a little more than 1 foot 6 inches to this distance, in order 

to carry the plate a little beyond where the concentrated load occurs. 

This would make it necessary to increase slightly the length of the first 

cover from what was previously determined. These plates might be 

fixed, therefore, as 26 feet long and 34 feet long, respectively. 
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Spacing of Flange Rivets. The purpose of the rivets through the 
flange is to provide for the horizontal shear. There is a definite rela- 
tion between the horizontal shear and the vertical shear at a given 

S Q . 

point, which is expressed by the formula s ^—f > ^^ which 

s = Horizontal shear per linear inch; 

S «= Total vertical shear at section; 

Q = Statical moment of the flange about the neutral axis of the 

girder; and 
I = the moment of inertia of the whole section of the girder about 
its neutral axis. 
Having determined the horizontal shear per linear inch, the spacing 
becomes the value of one rivet divided by this horizontal unit shear, or 

8 

For the vertical rivets through flange angles and cover-plates, the 
same formula applies, except that Q is taken as the statical moment 
of the cover-plates only about the neutral axis. 

The above exact method is not the one generally followed in 
spacing rivets, because it is not generally necessary to space the rivets 
so nearly to the exact theoretical distance. It is quite a common 
custom to space these horizontal flange rivets by assuming that the 
horizontal shear is equal to the vertical shear at the section divided 
by the distance between the centers of gravity of the flanges. This 
gives spaces somewhat less than would be required by the formula 
above. 

The vertical rivets through cover-plates are made to alternate 
with the horizontal rivets; and in general, if there are suflScient hori- 
zontal rivets, this method will give sufficient vertical rivets. In doubt- 
ful cases, the exact method should be used. 

It is customary to vary the spacing of the rivets about every two 
or three feet, or, in long girders, at intervals somewhat greater. This 
involves, of course, the determination of the shear at each point where 
a change in pitch is made. 

The minimum distance in a straight line between rivets, is three 
times the diameter of the rivet; if f-inch rivets are used, the minimum 
distance, therefore, is 2\ inches. This is shown by Fig. 250. This 
fact many times determines the size of flange angles to be used. In 
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some cases the horizontal shear determining the pitch of rivets is so 
great that the distance between rivets becomes less than three times 
the diameter of the rivet. The flange stress might make it possible 
to use perhaps an angle with a 4-inch leg; in order to get in rivets 





Fig. 250. Fig. 251. 

enough to take the shear, however, it becomes necessary to use an 
angle having a 6-inch leg so as to use two lines of rivets. In such a 
case the horizontal distance between center lines of rivets may be IJ 
inches, and still the direct distance between the rivets will not be under 
2J inches. Fig. 251 illustrates this. 

PROBLEMS 

1. Determine the pitch at end of girder having a reaction of 
00,000 pounds, with web-plate 30 inches deep and f inch thick. 

Assume effective depth between center of gravity of flanges, 28 

. , , . 1 . , , 1. . , 60,000 

mclies; then approximate horizontal shear per hnear inch = ^ =^ 

2,142. 

The bearing value of a |-inch rivet on f-inch plate is 5,060; there- 

. , 5,060 ^ ^, ^ . . , 
fore pitch = ^ -j^ = 2.3o or zf^ inches. 

2. Given the same web as above, with an end reaction of 95,000 
pounds, determine pitch at end. 

Here - ' = 3,400 = Horizontal shear per linear inch; and 

;^^T7^ = 1.49 or 1 J inches. 

This makes it necessary to use an angle deep enough to give two 
lines of rivets either a 5-inch or a 6-inch leg. If the pitch between 
rivet Imes is 2\ inches, and horizontally between rivets 1 J inches, then 
the actual distance between rivets is about 2} J inches, which is more 
than three times the diameter of the rivet. WTiere the top flange 
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of a girder is loaded directly, as by a heavy wall, it becomes necessary 

to calculate the rivets for direct shear as well as horizontal shear. The 

combined stress on the rivet must not exceed its value, and therefore a 

spacing somewhat less than that determined for horizontal shear above 

must be used. This can best be illustrated by a problem. 

3. Given a girder having a web-plate 36 inches by f inch, with 

an end reaction of 75,000 pounds, and loaded directly on top flange 

75 000 
with 3,(XX) pounds per foot of girder, ~ 04 ^ = 2,206 = horizontal 

shear per inch. Assume a pitch of 2 J inches; then 

2,206 X 2.25 « 4,963 = Horizontal stress on rivet; 

3 000 

'-T^ == 250 «= Direct vertical shearing force per inch, and 

250 X 2.25 = 560 = Direct vertical load on rivet. 
These forces act on the rivet as indicated by Fig. 252. The 
resultant, therefore, is the scjuare root of the sum of the squares of 

these two forces, and ecjuals 4,994. As 
the value of the rivet is 5,060, this is 




>| ^"^'^^^^^E^^^^^j-zu^^^^^ about the nearest even pitch which 

could be used for these combined 
Fig. 252. 

stresses. 

The maximum straight distance between rivets which can be used 
is 6 inches, or sixteen times the thickness of the thinnest metal riveted. 
For a flange having ^'^g-inch angles, therefore, 5 inches would be the 
maximum pitch; or, if a J-inch cover-plate were used, 4 inches would 
be the maximum in rivets through these cover-plates. 

Vertical spacing of rivets in stiffeners does not generally require 
calculation. For end stiffeners there should be at least sufficient to 
take up all the end shear. In other stiffeners 'the pitch is generally 
made 2^ or 3 inches. 

Flange Splices. In long girders it becomes necessarj' sometimes 
to splice the flange angle and cover-plates. Sometimes, for purposes 
of shipment or erection, the girder has to be made in two or more 
parts and spliced. 

In splicing the angles, the full capacity of the angles should be 
provided in the splice, regardless of whether the splice is at a point 
of maximum flange stress or not; it preferably should not be so located. 
Angles are used on either side of the flange angles, with tlie corner 
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rounded to fit accurately the fillet of the flange angle, and having the 
same gross or net area as these angles. 

Fig. 253 shows the splice of the top flange of a plate girder. Note 
that the angles are spliced by cover-angles and also by cover-plates. 
In flange splices, provision should be made as far as possible to splice 
each leg of the angles directly and with sufficient rivets to provide 
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Fig. 253. 

for the proportional part of the stress carried by this leg. If cover- 
plates form part of the section of the flange, these should, if possible, 
be spliced at a point where one of the cover-plates is not required for 
sectional area, and then this cover-plate should be carried far enough 
beyond the splice to provide rivets suflScient for the stress in the plate. 
If the plates are of different areas, an additional, short cover-plate 
over the splice would be required, to make up the required area. 

When the shop work has to be very exact and reliable, a planed 
joint is sometimes used to take a portion of the stress by direct com- 
pression between the abutting ends. In such cases the cover angles 
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should be used, but may be of slightly less area. It is preferable, 
when possible, however, to have the flange fully spliced without relying 
on the planed joint. The number of rivets should be sufficient to 
provide for the full capacity of the flange angles without exceeding the 
value of a rivet. If one portion of the splice is hand-riveted, the values 
must be determined accordingly. Rivets are in double shear or bear- 
ing on the angles. 

Web Splices. If the girder has been designed without considering 
that the web carries part of the flange stress, then the web splice need 
have only sufficient rivets to provide for the shear. If the web were 
considered as helping to carry the stress due to bending moment, then 
the splice would have to have sufficient rivets to resist this portion of 
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Fig. 254. 

the bending moment carried by the web. In such a case, if two lines 
of rivets each side of the splice are used, and these rivets are spaced 
2i or 3 inches center to center, they will be suflScient to provide for the 
shear and the bending moment also. In general it is better to use 
such a splice as illustrated in Fig. 254, whether the intention is to pro- 
vide for bending moment or not. 
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The splice plates should have a net area equal to or a little greater 
than the net area of the web. If possible, the splice should }ye located 
at a point where the flanges are not fully stressed, so that they can help 
to splice the web. 

PROBLEMS 

1. As an illustration of the use of the exact formula for pitch 
of rivets, the following problem will be worked out: 

Take the girder given in the problem illustrating the cutting-ofif 
•of flange plate. This girder 40 feet long has a web-plate 36 inches by 
f inch; and section of flange at end consists of tw^o angles 6 x 6 x | inch. 
At point 10 feet from end section, are two angles 6 x 6 x f inch, and 
2 plates 14 X f inch. 

Determine first the pitch of rivets at end where the shear is 60,000 
pounds. The formula is: 

SQ 

The first step is to determine position of center of gravity of flange. 
As there are no cover-plates, this is taken directly from "Cambria" 
and is 1.64 inches. 

The web is 36 inches; but in all girders where flange plates are 
used, the depth back to back of angles is J or J inch more than the 
depth of web, in order to allow for any variation in the depth of plate. 
In this case it will l)e taken as 36J inches back to back of angle. 
Q = 2 X 4.36 X 16.49 - 143.8 
I = 4 X 15.39 = 61.6 



4 X 4.36 X 16.49 = 4,740. 

i»jX I X 36* = 1,458. 

6,259.6 

_ 60,000 X 143^ 

^^" " 6,259.6" '^"^'"^ 

5 060 
Pitch - ~ - - 3.69 inches. 
1,3/5 

Something less than this would be actually taken — probably 2| 
or 3 inches. 



281 Digitized by Google 



270 STEEL CONSTRUCTION 



To determine the pitch at point 10 feet from end, we have to 
calculate the neutral axis of the flange as follows: 
Angles 2 X 4.3() X 2.30 = 20.9 
10.5 X .38 = 4.0 
24^9 
24.9 -f- 19.22 = 1.3 inches from back of cover-plate to neutral 

axis. 
Q = 19.22 X 17.58 = 338 
1=4 X 15.39 = Gl.G 
2 X 19.22 X lT5S^= 11,870. 
i\XlX^(^ - 1,458 



13,389.6 



_ 30,000 X 338 _ 
^ ~ " 13,390 ' - ^^^ 

Pitch of rivets = -i,^^ = 6.68 inches, 
/o/ 

The maximum pitch is as stated 6 inches. At this point the actual 

pitch would \ye made somewhat less — say, 5\ inches. 

As a comparison with the foregoing results, it will be well to note 

§ § i § I 

I § ? ? ^ 



1 ' 1 '" J. -" 1 "° t '-' i 



30-0 Cfear 



Fig. 255. 

the pitch as determined by the approximate method, using the diwStance 
between centers of gravity of flanges. At the ends, we have 

X.. , 5,060 ^ „,, . , 
Pitch = r - = 2./ 8 mches. 

It will be seen that this approximate method gives some closer 
pitch than the more exact formula. 

2. Given a girder 30 inches by -^^ inch, 30J inches back to back of 
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flange angles. The flange section is made up of two angles 4 x 4 x | 
inch. The end shear is 42,000 pounds. Determine the pitch of rivets 
by the approximate method. 

3. Given a girder 42 feet long, loaded with a uniformly distrib- 
uted loafl of 7,000 pounds per linear foot. If the web is 42 inches by 
-^\ inch, and the flange section at the end is made up of two angles 
6 X 6 X i inch, and 1 plate 14 x i inch, and distance back to back of 
angles is 42} inches, (a) determine the pitch of horizontal rivets 
through web; (i) determine the pitch of vertical rivets through flange 
plates. Give two solutions of (a) Jind (6), using the exact formula and 
the approximate method based on distance between centers of gravity 
of flanges. 

Answers — (a) If inches by the approximate method. 
l\l inches by the exact method. 
(b) 3} inches by the approximate method. 
6f inches by the exact method. 

Note that where pitch of vertical rivets through cover-plates is 
determined by th.e approximate method, they are simply assumeil as 
alternating with the horizontal rivets. If there is only one line of 
horizontal rivets through flange angle and web, and one line of vertical 
rivets, then, by the approximate method, the vertical rivets through 
cover-plates would come centrally in the space between the horizontal 
rivets." If there are two lines of horizontal rivets, and one line of 
vertical, the vertical rivets would still alternate with the inner line of 
horizontal rivets, or center over the outer line of horizontal rivets. 
This would hold good so long as the spacing in this way did not exceed 
6 inches, or sixteen times the thickness of plate. If this were the case, 
then the vertical rivets would be made to center over each line of hori- 
zontal rivets. The same practice as regards vertical rivets would be 
followed in case both horizontal and vertical legs had two lines of 
rivets. The formula for exact determination of rivet pitch shows that 
the above approximate methods are within the limits which would be 
determined if the exact method was used. 

Shop Details of Girders. Fig. 256 is a shop detail of a simple 
plate girder of one web. It will be noted that the detail covers only 
one-half the girder. Where the girder is exactly symmetrical about 
the center line, it would be a waste of time to draw up both halves. 
In such cases it is suflicient to mark the center line and mark the draw- 
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ing so tliat it will he clear that the other half is the same. In some 
cases where there is only a slight diflFerence, as at the ends l)etween 
the two halves, it is still unnec^essary to detail more than half the ginler; 
in such cases a special detail of the end which is different should be 
added. 

This girder rests on a brick wall at each end; and therefore the 
end stifFeners are placed over the outer edge of bearing plate, as shown. 
A wall rests on top of the girder, and the intennediate stiffeners are to 
support the flange when the main pier lines come down, and to stiffen 
the web for the concentrated beam loads. 

A girder such as this would probably come into the drafting room 
for details with only such information as is given in Fig. 257. 

In many cases, even the loading on the girder might not be given. 
In such case, it would have to be calculated from the general plans 
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Fig. 257. 

showing amount and distribution of floor and wall loads. If the loads 
had l)een uniformly distributed, details might have been made by 
determining the capacity of the girder, as noted below. 

The first point to l)e determined is the size of the bearing plate. 
The reaction is 65,000 pounds; and, allowing a safe bearing on the 
stone template of 25 tons per square foot, this requires about 1.30 
scjuare feet. A plate 12 by 16 inches, therefore, wnll be sufficient. 
Applying the formula given on page 97 of Part II, the required thick- 
ness is found to be .26 inch; a steel plate \ inch thick is used here, 
although 2-inch plate might have been used. 

The size of the bed-plate having l)een fixed, the spacing of all 
the stifteners is the next thing to determine. The end ones are fixed 
at 12 inches back to back. As the piers come down on top of the 
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girder, it will be sufficient to use one stiflFener in the center of each 
pier; if the pier was very heavy or over 3 feet, it would l)e well to use 
two under each pier. The measurements given in the diagram (Fig. 
257), therefore, fix the other stiffeners. It is then necessary to look 
into the shear on the web to see if stiffeners are required on this ac- 
count. Referring to the diagram (Fig. 246), it is found that for a f- 
inch web and 18 inches between edges of flange angles, the allowable 
shear per square inch of web is 6,800 pounds. The actual shear is 

76 000 

' 3 = 6,750 pounds, which is therefore entirely safe without stiff- 

oO X 8" 

eners, as the shear just one side of the end is 11,000 pounds less. 
Looking now at the horizontal rivet spacing, we find, at the end, 

s = ' = 2,320 = approximate horizontal shear per inch. 

Some engineers use the distance between pitch lines of flange 
rivets, or, in case of double pitch lines, the mean between the two, 
instead of using distance between centers of gravity for determining 
the approximate shear. In this case the result would be: 

.f = 94^" "" 2,630 pounds. 

The liearing value is the least for these rivets, and may be taken 

5 060 
at 5,060; the end pitch, therefore, is ,^^;: = 1.92 inches. 

z,bo0 

It is always l)etter to space a little under the calculated pitch; 
for this reason IJ inches was used. 

The loads being concentrated, the shear is practically constant 
from the end to the first stiffener; and the only other point to consider 
is to space from each stiffener so as to conform to the standard gauge 
in the stiffener angle, and to keep this where previously fixed, leaving 
room from the back of angle to drive first rivet. The distance back 
to back being 5 feet 2| inches, and the standard gauge in one case 
2 inches and in the other If inches, the distance center to center of pitch 
lines in stiffener is 5 feet 6J inches. It is well to leave not less than 1 
inch, and l^etter 1 J inches, from the back of a stiffener to first rivet so 
that it can be easily driven; leaving 1 J inches will just allow for 40 
spaces at 1^ inches. 
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The shear just to the right of the first stiffener from the end, is 

25 000 
25,000 pounds; therefore, s -= ■ ' ' = 1,010 pounds. 

30 000 
The direct shearing force from the pier load i** ~ oF " = 1 ,250 

pounds per inch. 

If we assume a pitch of 3 inches, this brings 3,750 pounds on each 
rivet, and the diagram of stress would he a>s illustrated in Fig. 252, the 
resultant stress being about 4,850 pounds. A pitch of 3 inches could 
therefore have been used and need not have been continued much 
beyond the pier lines. In order to keep the pitch constant, however, 
and be somewhat under the required pitch, 2} inches was used. Simi- 
larly, the pitch in center way is made 3 inches, although somewhat 
larger pitch might have been used. 

The actual required pitch through flange plates would be found 
much less than shown, since there are four lines of rivets instead of 
two as is commonly the case in girders of this length. In order to 
simplify the shop work, however, they are detailed the same spacing. 
It is well to note that in such cases the rivet through flange plate on 
the gauge line nearest to the vertical leg of flange angle, comes opposite 
the vertical rivet in flange line farthest from the horizontal leg. This 
is to give all possible room for riveting, and also because it distributes 
the rivets more uniformly. 

The bottom flange spacing is made the same as top, and differs 
only in having the rivets through bearing plates countersunk, with 
open holes for anchor bolts. 

The bill of material should be clear after explanation given in 
Part III for bills of columns. 

Fig. 258 shows the detail of a two-web girder. This girder car- 
ries a wall on a street front, and is one of a continuous line of several 
girders. The right-hand end is at the corner of the building; and the 
open holes shown are for connection of a girder on the other street 
front. The girder rested on steel columns, and the arrangement of 
the line members of the columns determined the spacing and arrange- 
ment of the end stiffeners on the girder. 

The column section coming under right-hand end is shown by 
Fig. 259. The stiffeners at the extreme left end are simply for con- 
nection to similar stiffeners on the end of the girder coming against 
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Fig. 259. 



this one. The intermediate stiff eners are for support of flange under 
centers of brick piers. 

The bottom plates were made 1 inch larger than the top plates for 
the purpose of securing the ornamental fascia. 

In the calculation of the rivets of a two-web girder, the shear is 
assumed to be divided equally on the two webs; 
and therefore each line is calculated as before 
described, except that the shear used is one-half 
the total. It should be noted, also, in such 
cases, that the rivets are in single shear. 

One plate must, of course, he made the 
full length of the girder. The length of the 
other plate is determined as previously de- 
scribed, and a length added at each end suffi- 
cient to get rivets equal to one-third the capacity 
of the plate. In this case, the net area of the plate l>eing alx>ut 8.2 
inches, the capacity is 123,000 pounds; and the retjuired number of 
rivets in single shear is 10, or 5 in each line. 

It should be noted that in two-web girders it is possible to have 
flange angles only on the outside of the web, as the only way inside 
angles could be riveted would be by working a man from the end in 
between the webs. This is ordinarily impossible on account of the 
small space between, and would always be too expensive to justify 
such designs. 

Fig. 260 gives the detail of a three-web girder. This girder is in 
the street front of a modern steel-framed office building, and spans 
the large store fronts which are made possible by stopping one of the 
main lines of columns on top of this girder. The girder rests on col- 
umns at each end, as shown by Fig. 261, and is symmetrical with 
respect to the center line. It will be noted from Fig. 261 that the 
column carrying the end of this girder is practically made up of two 
columns riveted together through their flanges. This construction 
permits the heavy girder to get a bearing directly over the column 
shaft, and continues in a direct line the axis of the column section 
above and the portion of this column carrying these upper sections. 
This girder also carries the floor beams, which frame into the bottom 
flange as illustrated in Fig. 262. 

There are some points of a practical nature which should be 
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noted on this detail. In a heavy girder of three webs, there are prac- 
tical difficulties to be met with in riveting. These must be considered 
and provided for in making the details. 

The steps in assembling this girder would be: 

(1) Rivet up the central portion, consisting of web and four 
angles. 

(2) Rivet the top and bottom flange plates to this central por- 
tion of the girder. 

(3) Rivet up each side portion, consisting of web-plate and two 
angles. 

(4) Rivet each side section to the flange plates, which have pre- 
viously been riveted to the central portion. 

It will be noted that the position of stiffeners is somewhat different 
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Fig. 262. 
from what has previously been described. The stiffeners A and B at 
the end are placed so as to come down direcdy over the line members 
of the column below. The stiffeners C and D are placed so as to 
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come over the shear plate on the column. B and D are also so placed 
that they can be riveted together and thus form a plate stiflfener be- 
tween the three webs. To rivet up B and D, it is necessary to rivet 
them together first; then rivet D to the side webs and angles C before 
these side webs are assembled with the central web. After the side 
webs are assembled, B can be riveted to the central web. 

The stiffeners at the center of the girder are arranged to come 
under the line members of the column resting on the top flange of 
girder, and also to serve as plate stiffeners for the webs. 

The method of procedure for riveting up these stiffeners is some- 
what different from that used in case of the end ones. In this case, B 
and H would be riveted together, and then B riveted to the central 
web before the side webs are assembled. 

In order to rivet H and G to the side webs, it is necessary to pro- 
vide a hand hole in each side web as shown, so that these rivets can 
be held on the back side while being driven up after the side webs are 
assembled. 

In three-web girders the distribution of the shear over the three 
webs depends to a considerable degree on the way in which the loads 
are applied. It is generally considered that the center web takes the 
larger proportion, sometimes as much as f , and the side webs take 
the remainder equally. These w^ebs should always be stiffened so as 
to distribute all loads as much as possible over all three webs. 

The designer, in choosing his sections, will necessarily make an 
assumption as regards this distribution; and this should be indicated 
on the diagram. Practically the pitch in all three webs and flange 
angles would be made the same, this l>eing determined so as to provide 
for the maximum shear according to the assumption as regards dis- 
tribution. The actual number of rivets may vary in the different por- 
tions, because of angles being used which may allow of only one line 
of rivets, as in the case shown in Fig. 260. 

The detail of connection of floor beams to girder is made special 
because of the awkward relation of beams to girder flanges, which 
relation could not be changed; only a single angle could be used for 
the connection if this was to be riveted on, and this had to be shipped 
riveted to girder rather than beam. It would have been possible to 
have a double-angle connection by using an intermediate plate and 
two side plates; but this would have added to the expense of erection. 
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and sufficient rivets for the reaction were obtained by the single angle. 

It will be noted that some rivets near these connections are shown 
flattened in the bottom flange to clear the flange of beams; also, in the 
elevation, some rivets are shown countersunk to clear the angle con- 
nection. Rivets are also shown countersunk where the cover-plates 
are left off, because there is not room to extend the plate beyond the 
last rivet without interfering with the next rivet. All such cases of 
countersinking or flattening rivets to avoid stilfeners or ends of flange 
plates, are to be avoided wherever possible, as they are objectionable 
and expensive. They can generally be avoided by changing the rivet 
spacing somewhat at such points. In the case shown in Fig. 260, the 
girder is such a heavy one, and the rivet spacing so close, that it was 
better to countersink rather than have the wide spacing otherwise 
necessary. 

The end view shows open holes for riveting angles to the main 
column angles as shown in Fig. 261. This practice is objectionable 
for light girders, as previously noted in Part II, and where it is possible 
to properly brace the girder and column connection in any other way. 
In the case of a heavy girder such as this, where the deflection would 
be slight, it is not so objectionable, especially if these rivets are not 
driven until after the columns are carried up and the dead weight of 
construction is put upon the girder. 

The bill of material should be carefully followed through as 
illustrating points previously mentioned. 

Fig. 263 shows a single web-plate girder which carries the wall 
section over an entrance doorway, and also a column line on its canti- 
lever end. 

The center lines of the supporting column and of the column 
above, are shown on the plan of bottom flange. Fig. 264 shows the 
girder in its relation to the stonework, and the method of securing 
same to the girder. 

The stiff eners G are arranged to come directly over the line mem- 
bers, and the shear angles on column below. The stiffeners A, E, 
and F are similarly arranged with respect to the column above carried 
on the end of the girder. It will be noted that this girder is not sym- 
metrical about its center line, and therefore the detail of the whole 
girder is shown. It should be noted also that the concentration of 
loading at one end makes it necessary to increase the web greatly to 
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provide for the shear. For this reason a ^-inch plate is riveted on 
each side over the flange angles and carried to a point beyond the cen- 
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Fig. 264. 



ter of column bearing where the area of the web alone is sufficient 
for the shear. This end being the point*of maximum moment, also, is 
the reason for the increased flange area here. 

Floor beams frame to this girder in the same relation as in the 
case of the three-web girder shown in Fig. 260; but as this is only a 
single web, the connection angles can be riveted to the beam. As 
the l)eam must be cut to clear the bottom flange angle, this necessi- 
tates a filler between the web and the connection angles on beam. 

Note that where brackets or similar riveted members occui on a 
girder, it is better to give a separate section for the details of riveting 
of these members. The end view, and sections A, B, C, and D, show 
the details for these brackets supporting the stonework, and show the 
various details necessary to conform to the position and spacing of 
stiffeners on the girder. 

In a girder loaded as this is, there should be suflScient area in 
each set of stiflfeners coming under the column above and over the 
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supporting column, to provide for the shear; and these stiffeners 
should he fitted to top and bottom flanges. 

PROBLEMS 

Make a complete shop detail, at a scale of | inch to 1 foot, of a 
single-web plate girder 30 feet long clear span, resting on a brick wall 
at each end and carrying a load of 60 tons distributed as shown in Fig. 
255, The web-plate is 30 inches by f inch; both flanges have the 
same section, and each is made up of two angles 5 x 3J x ^ inch (l^i^g 
leg horizontal), and two coyer-plates 12 inches by y^j inch. A 15-inch 
42-pound beam frames to the girder on each side in the position indi- 
cated by loads. The top of the beams is 1^ inches below the back 
of the flange angles. The beams are to rest on suitable shelf angles, 
with shear angles beneath, and have side connection angles riveted 
through web of girder to brace them laterally. Determine proper 
number of rivets and character of these connections. Determine 
number and spacing of stiffeners required. Use in addition stiffeners 
just one side of each beam connection. 

Standards in Detailing Trusses. Figs. 265, 266, and 267 show 
iletails of various types of trusses. The same remarks made previous- 
ly for girders apply to trusses wherever they are symmetrical about the 
center line. 

Fig. 277 shows a strain sheet of the truss detailed in Fig. 266. 
This is the form in which the information is generally given to the 
draftsman for detailing. At other times the information may be given 
only by the general drawings, in which case the loads and measure- 
ments would have to be obtained from them. 

It will be noted that the same general method of detailing and 
dimensioning is followed in all cases. The strain lines are laid out 
first; these lines should always intersect at the panel points; and the 
strain lines of the members over a point of support should intersect 
over the center of bearing. The strain lines should be theoretically 
the center of gravity lines of the members; it is more common practice, 
however, to use the pitch lines of the angles as the strain lines^ as these 
lines do not vary materially from the center of gravity lines, and much 
confusion is thus saved. In heavy trusses, however, where the chords 
are made up of side plates and angles, the strain lines for the chords 
should be the center of gravity lines, as the difference between these 
lines and the pitch line of tlie angle would be considerable. 
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Many times the position of one or more panel points will be fixed 
by some features of construction such as a monitor or a hanger for 
shafting, or rod for balcony, etc., as illustrated by Figs. 267 and 280. 
Wherever such concentrated loads are fixed, there should be a panel 
point, if possible, as otherwise the chord must be materially increased 
to provide for the bending strains produced by the load acting between 
panel points. The panel points being fixed, and the strain lines drawn, 
the lines showing the size and shape of each member are drawn. 

Completeness of Measurements. In dimensioning a detail the 
draftsman should bear in mind all the steps he has to take to fully 
lay out and fix all the members and connections, and should remember 
that information must be given to enable the templet maker to go 
through the same operations. 

1. There should be measurements center to center of each panel 
point along each member. These are calculated, never scaled. 

2. There should be a line of measurements along each member 
from panel point to panel point, fixing each rivet or hole with respect 
to this panel point. 

3. There should be a measurement center to center of the end 
panel points along the top and bottom chords and the vertical or in- 
clined end members, 

4. There should be over-all measurements of the above mem- 
bers. 

5. There should be a measurement from the end of each piece to 
the first rivet or hole, and each piece should have its size and over- 
all length specified. 

6. Each sloping member should have its slope indicated by a 
triangle of which one side is 12 inches and the other side inches and 
sixteenths. 

?• Each piece should preferably be given a shop mark, to facili- 
tate assembling. 

To fix the measurements noted under (2), it is often necessary to 
make a full-sized or large-scale layout drawn very accurately so as to 
l)e able to scale closely the distance from panel point to first rivet, 
and to be sure of plenty of clearance and yet have the members fit 
closely. 

After the first hole is fixed, the others are spaced 2^ or 3 inches 
apart for the gusset connections. The number of rivets is of course 
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determined from the strain sheet and the value of the rivet; j-inch 
rivets are generally used, and gusset plates ^%- or f-inch. Where 
strains are very heavy and it is desired to avoid larger gussets, thicker 
plates can be used. 

The measurements noted under (5) will be fixed by the above 
full-sized layout. It should be carefully borne in mind that such a 
layout is worse than useless unless it is very accurate, and therefore 
care should be taken to insure accuracy. 

Special Notes and Details. As regards the shop marks noted 
under (7), each shop has a different practice. A convenient form, 
however, is to call the top chord "T. C. 1," "T. C. 2," etc. ; the bottom 
chord "L. C. 1," "L. C. 2," etc.; the verticals "V 1," "V 2," etc.; the 
diagonals "D 1," "D 2," etc. 

The exact size and the cuts of the gusset plates are generally 
left to the templet maker; they can be given, however, if it is desirable 
to do so, by adding the necessary measurements, which should be 
obtained from the full-sized layout of the joint. 

Sometimes, in long trusses, it becomes necessary to draw the 
elevation of the truss as outlined above, and to supplement this by a 
larger-scale drawing of each joint, this larger drawing giving all the 
measurements of the connections as related to the panel point, and 
the smaller-scale elevation giving the general measurements. 

Where it is not essential for appearance or for compactness of 
details to cut the angles on a bevel parallel to the abutting members, 
as is shown by some of the drawings, a square cut can be used and will 
somewhat simplify the shopwork. 

Gussets should always be cut as closely as possible, both for 
neatness in appearance and for saving in weight. 

In detailing, always show gussets, where possible, of such shape 
that they can be cut from a rectangular plate, using one or more of 
the sides of the original plate, and shearing off only where necessary 
for compactness of detail. 

Compression members made of two angles should always be 
riveted together through a washer at intervals of two or three feet. In 
general, it is good practice to follow this for all meml)ers' tension as 
well RS compression, as it stiffens the truss against strains in shipment 
and against possible loading not considered in calculations, and the 
extra cost is inconsiderable. 
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Illustrations of Shop Details. Fig. 2G8 shows a parallel chord 
truss carrying a floor, roof, and monitor load. Figs. 269, 270, and 271 

show the connection of 
wood purlin under mon- 
itor girder to steel truss. 
The floor in this case 
rested directly on the top 
chord, which therefore 
brought bending strains 
as well as direct com- 
pression; for this reason 
the channel section was 
necessary. Note that for 
determining number of 
rivets in each member, 
one-half the stress would 




Fig. 269. 



be considered, and the rivets taken at their single-shear value. Tie 
plates are used at intervals to stiffen the lower flanges of the channels 
forming the top chord. 

Fig. 272 shows the strain sheet for another parallel-chord truss 
74 feet long, center to center of bearings. This truss carries a roof 






5"^3^ 




.8^/0 H.. 
Fur/in 



-Tjr 



Top Chord of Truss 




Fig. 270. . Fig. 271. 

load assumed as 40 pounds live and 25 pounds dead per square foot, 
and also carries in the bottom chord a ceiling load of 15 pounds per 
square foot. 

The roof beams span from truss to wall, which is 26 feet. On 
account of the construction and the long span, the wood framing is not 
considered as bracing the truss, which is therefore unsupported later- 
ally except at the center where a steel strut is provided. 
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The manner of working out 
the stresses of such trusses by 
the analytical method, will be 
given below. 

In all statically determined 
structures, there are three equa- 
tions which must be true in order 
that the structure shall remain in 
equilibrium: 

1 . The algebraic sum of the 
moments, alx)ut any point, of all 
the external forces acting on the 
structure, must be zero. If this 
is not the case, there will be a ro- 
tation of the structure al)out this 
point. 

2. The algebraic sum of all 
the external vertical forces must 
be zero. 

3. The algebraic sum of all 
the external horizontal forces 
must be zero. 

Both these latter conditions 
are evidently essential for the 
equilibrium of the structure. 

In a truss loaded solely with 
vertical forces, the first two con- 
ditions are the only ones which 
would be used. If the truss is 
acted on by a wind load which 
has a vertical and horizontal 
component, then the third con- 
dition needs to be considered. 

In the strain sheet given in 
Fig. 272, the first thing to deter- 
mine is the panel load. The load 
at each top panel is 26.25 X 65 X 6. 
load is 26.25 X 15 X 6.17 - 2,400. 




.6-,9 



17 « 10,500; the bottom panel 
Having determined these, and 



299 



^ Digitized by 



Google 



288 



STEEL CONSTRUCTION 



noted them as indicated on the diagram, the only other external 
force to determine is the reaction. As the truss is symmetrically 
loaded, the reactions are equal, and each equal to half the total load, 
or 77,400 pounds. 

Suppose the top and bottom chords and the diagonal of this truss 
were to be cut through on the line AB, as shown in Fig. 272. It is 
evident that, if the truss were then loaded as shown by the diagram, 
the portions of the top chord on each side of this cut would push 
against each other, and the portions of the bottom chord on either 
side would tend to pull apart, and the portions of the diagonal on 
either side would tend to pull apart Unless there were some way of 
transferring from one side to the other these forces tending to push 
together and tear apart, the truss would not stand. It is therefore 




Fig. 273. 

the reaction of the portion of the truss on one side of the section AB, 
acting upon the portion on the other side along the lines of the different 
members, which holds the truss in equilibrium. If therefore the por- 
tion of the truss to the right of AB is considered as taken away, and if, 
along the lines of the top and bottom chords and the diagonal, forces 
are applied of the same intensity as the forces which resulted from the 
reaction of the portion on the right and which held the truss in equilib- 
rium, then these forces can for the time being be considered as ex- 
ternal forces, and the intensity of them will be such as to fulfill &e 
three conditions of equilibrium as regards the external forces. This 
condition is indicated in Fig. 273. It will be seen that these forces 
acting along the lines of the members of the truss cut by the section are 
the actual stress in these members necessary to maintain the truss in 
equilibrium. The stresses produced in the members of a structure 
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by the action of the loads, are called the "internar* or "inner" forces, 
in distinction from the "external" forces or "loads." 

Any section, such as AB, cutting three members, ^ives three 
stresses to be determined. The top and bottom chord stresses are 
determined by using the condition that the algebraic sum of the mo- 
ments about any point is zero. For the top chord, the point chosen is 
the intersection of the bottom chord and the diagonal. The moment 
of the stress in these two members about this point, is therefore zero, 
and this leaves only the moment of the top chord stress, which must 
then be equal to the moment of the loads about this point. 

In a similar manner, taking moments about the intersection of the 
top chord and the diagonal, leaves only the moment of the bottom 
chord stress to be determined, which must equal the sum of the mo- 
ments of the loads about this point. 

In Fig. 272 these top and bottom chord stresses are determined 
by taking sections through the truss at the left of each .panel point. 
These top chord stresses will be worked out below. 

Stress in ah: 

77,400 X 6.17 « + 476,000 

6,450 X 6.17 _39^q0 

+ 436,500 ft. lbs. = Moment to be balanced by mo- 
ment of stress in top chord. 

Stress in a6 = ^^^ « + 64,700 lbs. 

O.iO 

Stress in 6c: 

77,400 X 6.17 X 2 « + 955,000 

12,900 X 6.17 X 2 = - 159,000 

M of 6c = + 796,000 

Stress in 6c « ~'^ « + 118,000 lbs. 

u.70 



Stress in cd: 

77,400 X 6.17 X 3 = + 1,430,000 

12,900 X 6.17 X 4.5 357^000 

M of cd « + 1,073,000 



Stress in cd - ^l^ = + 159,000 lbs. 
o.7o 



Stress in de: 

77,400 X 6.17 X 4 = + 1,910,000 

12,900 X 6.17 X 8 637, 000 

Mofde - + 1,273,000 



Stress in de = ^J|'^ « + 188,500 lbs. 

D.70 
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Stress is efi 

77,400 X 6.17 X 5 = + 2,390,000 

12,900 X 6.17 X 12.5 = - _995,000 

Mof 6/ « + 1,395,000 

Stress in ej = ?^^'^ = + 207,000 lbs. 
0.75 

Stress in /^: 

77,400 X 6.17 X 6 = + 2,860,000 

12,900 X 6.17 X 18 = - 1,4 30,000 

Mot fg = + 1,430,000 

Stress in fg - -'^^ ^'|^^ = + 212,000 lbs. 

In explanation of the above, it will be noted that the moments of 
those forces causing right-handed rotation are designated **-f" 
(plus), and those causing left-handed rotation are designated " — " 
(minus). Also note that the moment at any point consists of the 
moment of the reaction which for the left-hand reaction causes a 
positive moment and of the moment of the panel loads (including those 
over the end) which cause negative moment. As these panel loads are 
all equal, their moment can most easily be obtained by multiplying 
this panel load by the panel length and by the sum of the number of 
panels detween the origin of moments and the loads. Take for ex- 
ample the stress in cd; there is one full panel load distant one panel 
length, and a half-panel load distant two panel lengths; combined, 
these equal one full panel load distant two panel lengths. 

As a check on the moment at the center, it is well to calculate 
in a different manner. As this is the point of maximum moment, this 
moment is the sum of the maximum moments which each load can 
produce. Or it is the sum of the reaction of each panel load, multi- 
plied by the distance from the reaction to the panel point. Therefore, 
as a check, we have: 

M = 12,900 X 6.17 X 18 - 1,430,000 foot-pounds. 

In a similar manner, the stresses in the bottom chord would be 
determined, taking moments about the top chord intersections with 
the diagonals. 

There is a simpler way, however. If a section is taken along the 
line C D, and the portion to the right is removed as shown by Fig. 274, 
it will be seen that — ^just as was explained for the section A B — ^the 
forces acting along the lines of the members cut are the stress in these 



302 r. . u 

Digitized by 



Google 



STEEL CONSTRUCTION 



291 



5Z50 




Fig. 274. 



members necessarj' to maintain equilibrium. Since the forces along . 
ah and i] are horizontal, and are the only horizontal forces acting upon 
the structure, then these two must 
be equal in order to fulfill the con- 
dition stated — that the sum of the 
horizontal forces equals zero. This 
determines all the bottom chord 
stresses from the top chord stresses. 

Direction of Stress. A stress 
acting toward the portion of the 
truss not considered removed, is 
positive and is compression, A stress 
acting toward the portion consider- 
ed removed, is negative and is ten- 
sion. The direction in which the stress must act is determined by 
the direction of the resulting moment of the external forces. If these 
produce right-hand rotation, then the stress in the member must pro- 
duce left-hand rotation in order that the algebraic sum of the moments 
shall be zero. Therefore, in the case of the top chord stresses pre- 
viously illustrated, since the resulting moment of the external forces 
is always positive, the moment of the stress in the chord must be nega- 
tive or act toward the portion not removed, and the stress is therefore 
compression. 

In the case of the bottom chord, this stress must act in the op- 
posite direction to the stress in the top chord, and is therefore tension. 

Stress in Verticals. This is determined by the condition that 
the algebraic sum of the vertical forces must be zero. Taking a sec- 
tion similar to C D, the only vertical force, aside from the loads acting 
on the truss, is the stress in the vertical member cut. This stress, 
therefore, equals the algebraic sum of the external forces on the left 
of this section, or the shear, and is opposite in direction or acts down- 
ward toward the portion of the truss not removed ; the stress therefore 
is compression. 

Stress ill ah = 77,400 - 1,200 = + 76,400 

" " hi = 77,400 - 8.850 = 4- 68,500 

" *' cj = 77,400 - 21,750 = + 55,650 

" " dk = 77,400 - 34,650 = + 42,750 

" '' cl = 77,400 - 47,550 = + 29,850 

'' " fm = 77,400 - 60,450 = + 16,950 

" " gn panel load = + 10 /iOO 
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This latter stress in gn is obtained by taking the section around 
the panel point jr, thus cutting only the top chord and the vertical. 
If the section was taken any other way through this vertical, it would 
cut a diagonal, and it would be necessary to determine the vertical 
component of this stress before the stress in the vertical would be 
known. 

Stress in Diagonals. This is determined by taking sections 
similar to A B, and determining the vertical component of the stress 
in the diagonal. This vertical component must equal the algebraic 
sum of the vertical forces on the left, or the shear at the section. The 
relation of the actual stress in the diagonal to the vertical component, 
is the same as the relation between the length of the diagonal and the 
vertical depth. In this manner the stresses are worked out below: 
Stress in ai = 1.35 X 70,950 96,000 

" '' bj = 1.35 X 58,050 78,500 

" " cA:= 1.35X45,150 =-61,000 

" '* d/ = 1 .35 X 32,250 = - 43,700 

" " em = 1.35 X 19,350 = - 26,200 

" " fn= 1.35 X 6,450=- 8,750 

The direction of stress in these diagonals will be understood from 
Fig. 273, which shows the vertical component acting in an opposite 
direction to the resultant external forces. 

Choosing the Sections. The fiber stresses used here are tension, 

15,000 lbs.; compression, 12,000 lbs., reduced by Gordon's formula. 

Both top and bottom chords are subjected to bending stresses 

due to the roof and ceiling joists, which come on these chords between 

the panel points. The bend- 
ing stresses must be added to 
the direct stresses. 

It is necessary at first to 
assume approximately what 
the direct fiber stress can be 
without exceeding the allow- 
able stress reduced for unsup- 
ported length and for the bend- 
ing stress. Having selected a 
'^^* ' section on the basis of this 

jissuined fil>er stress, the moment of inertia and the actual stress must 
be determined. If tliese vary materially from the allowable, a new 
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section must be chosen and the process repeated. In this case the 
process is illustrated below. 

Top Chord. Fig. 275 shows the assumed section of top chord. The first 
step is to determine the position of neutral axis. 

Cover plates 5.25 X .19= 1.00 

Side plates 10.5 X 7.38 = 77.50 

Angles 4.96 X 1.66 = 8.20 

86.70 

86.70 -T- 20.71 = 4.20 = Distance of neutral axis from top of cover plate. 
Moment of Inertia of Top Chord. 

lab = 5.25 X 4^ = 84.0 
yVXfxW =171.0 



10.5 X 3.18^= 


106.0 


3.96 X 2 = 


8.0 


4.96 X 2.54^^= 


32. 




410.0 


Radius of gyration r = 4.4 


led = 5.25 X 3.69^ X 


2 = 142.5 


iVXfX 


14'= 85.5 


1.92 X 2 


- 3.8 


2.48 X 4.66' X 


2 = 107.8 



339.6 
Radius of gyration r = 4.05 

The top chord between panel points may be considered as a beam 
of span ecjual to panel length, and fixed at the ends as regards the 
bending moment caused by the direct load. Therefore, 

M = § X i X 65 X 26 X 6J7^ X 12 
= 64,000 inch-pounds. 

64,000X4.2 
fa J5J = 670 

212,000 _ 10,250 
' 20.7 1^920 

Since the top chord is braced laterally only at the ends and at three points 
equally distant, the unsupported length is 18 feet 6 inches. From Cambria, the 
allowable fiber stress in compression for a length of 18 feet 6 inches, and least 
radius of gyration 4.05, is found to be 11,000 lbs. reduced from 12,000 lbs. 
The above combined stress is therefore within the limit and close enough not to 
require redesign. 

Bottom Chord. The bending moment is 

M = § X i X 15 X 26 X 6l7* X 12 
« 14,700 pounds. 
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Fig. 270 shows the assumed section of bottom chord. 
dctorinincd as follows: 

2 X 14 X A< X 7.38 » 64.6 

2X 1.93 X 1.44 « 5.5 

14X J X .19 = 1^ 

71.1 



Be from Chora SecHon 
2 Side P/atesJ4"'(ji" 



The neutral axis is 




/ Cover P/ote /^ * J" 



■r^ 



<00 



Fig. 276. 
71.1 -r- 17.S() ^ 4.00 -= Distance of center of gravity from bottom of plate. 
Moment of Inkhtia of Botto.\i Chord. 

lah = 



,VX JX14' = 


105.0 


8 75 X 3.38- - 


99.0 


2 X 2.33 = 


4.7 


3.80 X 2.50^ - 


25.3 


5.25 X 3.81^ = 


76.1 




310.7 


14,700X4.0 ,_ 


310.7 




207,000 
14.11 (net) 


14,650 
14,839 



ft 

fsd = 

As the bottom chonl is subject only to tension, it is not necessary 
to calculate the radius of gyration or moment of inertia about axis 
cd. 

Diagonals are designed by using 15,000 lbs. tension, and choosing 
angles who.se net section, taking one rivet hole out, will be sufficient 
for the stress in the member. 

Verticals are designed by assuming an allowable fiber stress based 
on the reduction of 12,000 lbs. for ratio of length to radius of gyration. 
After the section is determined, using this assumed fiber stress, it is 
necessary to sec that this fiber stress is within the actual allowable 
stress for the radius of gyration of the member. 

^^^lere two angles are used, spread the thickness of gusset plate, 
the least radius is employed, either parallel with the outstanding legs 
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or through the axis of the gusset. Where side plates are used, as in 
this case, the radius employed should be that parallel to the outstand- 
ing legs. These angles being spread and either laced or tied with 
plates, are weakest in the direction of the axis of the truss. The 
student should follow through the different sizes given for verticals and 
diagonals, fully understanding the above explanations. 

Fig. 278 shows a detail of the connections at one top chord panel 
point; and Fig. 279, of one bottom chord panel point. It should be 




e.'»$^ 



aLs3i"^rx^ 



Fig. 277. 



noted that the rivets are in single shear, and that the side plates are 
deep enough to allow connections to be made without the use of gus- 
sets. 

In Fig. 267, a detail is shown of a connection suitable for a rod 
hanging, a balcony, or other member to the truss. Note that the cen- 
ter of rod comes at the;^ intersection of the strain lines at the panel 
point. This should always be the case unless the chord is made speci- 
ally strong to resist the bending due to a connection between panel 
points. Note also that the connection is applied directly to the gusset 
plate by a pin through the clevis nut. This brings only shearing and 
bearing strains on the connection, and avoids any direct pull on the 
heads of rivets or of IkdUs, which should be divided wherever possible 
in such cases. 
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The open holes in top chord are for securing the roof purlins to 
the truss. These purlins run directly across the top chord. 

Fig. 280 shows the detail of a truss for a boiler-house roof. This 
roof has a high monitor running down the center, which is also framed 
with steel ; the detail of this frame is shown in Fig. 284. 

Fig. 284 shows a general view of the truss and monitor frame in 
position, and the roof beams framing to them. This truss was short 
enough to be riveted up at the shop and shipped whole. The monitor 




Fig. 278. 

frame, however, was shipped separate from the truss, as indicated by 
the open holes for connection to truss. As this monitor frame, if 
shipped whole, would be likely to become bent and distorted, it had 
to be shipped in two parts, as indicated by the details. 

Figs. 281 and 282 show the top and bottom chord splices in the 
center panel of the truss shown in Fig. 272. Note that the point in 
top chord is specified to be planed, and therefore the rivets provided 
are sufficient for only a portion of the stress, the balance being trans- 
ferred by direct compression on the planed surfaces. 
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PROBLEMS 

Determine all the stresses and suitable sizes to use for a truss 
loaded as shown in Fig. 283, and resting on a brick wall at each end. 
The load consists of floor joists resting directly on the top chord; and 
a 6 X 4 X |-inch angle should be provided near every other panel point, 
punched for lag screws to secure to wood joists for forming a lateral 
support to truss. 

Make a complete shop detail of the above truss. 

Trussed Stringers. Figs. 285 and 286 show the two common 
forms of trussed wooden stringers. These consist of a wooden beam, 




Fig. 279. 

composed of one or more timbers, stiffene<l by one or two struts bearing 
on steel rods, as shown. They are used in timber-framed structures 
where it is impracticable to obtain timl)ers sufficiently strong to sup- 
port the loads. 

The trussed stringer is not a true truss, and the stresses cannot 
be accurately determined by the methods used for trusses, l>ecause the 
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stresses in the members depend upon the deflection of the beam as a 
member of a truss and as a beam also. The exact solution is very 

//v. /4'xf-e'-4-'fg. 
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Fig. 281. 

complicated. An approximate solution can be made as follows: 

hi Fig. 285, if a load P is applied over the center strut as shown, 
then 

r^x . P ac 

Stress 111 ac = -- X -r ; 
2 ac. 

Stress in a6 = .^ X — : and 
2 ac' 

Stress in dc = P. 

If the load P is applied uniformly over the whole length of ab, 
then the stresses are approximately as follows: 
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Load at d 

Stress in ac 



= SP; 

od 



Direct stress in afo = A P X ; and 
ac 



Stress in dc 



= J P. 



The l)eams ad and (/6 are however subjected to bending stress due 
to the load acting directly on the beam between the unsupported points 




ef\J^f\^F\^£]^f\B^^2i 
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Fig. 282. 

a and i and h and d. If I is the moment of inertia of the beam, this 
bending stress can be found approximately from the fonnula / = 



%: 



I 



, in which y = Half the depth of the beam. 
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The bending moment may be taken as f P X ob. 

The beam must be proportioned so as to provide for the direct 

/eOO^ Per //near foot uniformly distributed 
over top chord 




Fig. 283. 

stress flus the stress due to bending, without exceeding the allowable 
fiber stress of the timber. 

In Fig. 286, if a load P is applied over each of the struts, the stress- 
es can be determined approximately as follows: 

oc 
stress in ac = P X — ; 
ec 

(l€- 

Stress in ac = P X — ; and 
ac 

Stress in cc = P. 

If the load 2 P is applied uniformly over the whole length afc, 
then the stresses are approximately as follows : 

The load at e and / can be taken approximately as \ P; then 



Stress in ac 



f PX 



Direct stress in ac = | P X — ; and 
ac 

Stress in ec =\ P. 

Tlie portions ac, e], and ]h are subjected to bending stresses as 

\p 



53* 




before; and if I is the moment of inertia of the beam, the bending 
stress inae = -~, in which y = h Depth of the beam; the bending M 
may be taken as J P X at. The beam must be proportioned so that 
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the combined bending and direct stress shall not exceed the safe fiber 
stress for the timber. 

Owing to the fact that the actual distribution of stress in trussed 
stringers is uncertain, and the methods of determining these stresses 
only approximate, a factor of safety of not less than 5 should be used. 

The detail of the connection of the rods with the end of the l)eam 



'^ 



3* 



Fig. 286. 

is shown in Fig. 287. Sometimes a single rod going between a hori- 
zontal beam made of two timbers, is used; and sometimes where tw^o 
rods are used, these are placed outside of the timber. A detail which 
will avoid boring through the timber is preferable. The plate at the 
end must be large enough to distribute the stress without exceeding the 




Fig. 287. 

safe compression value of the timber used; for hard pine, this should 
be 1,000 pounds per square inch. The plate should be thick enough 
to provide for the shearing stress on the metal, and the bending stress 
induced by the pull of the rod on the unsupported portion of the plate. 
It is important to have the center lines of the members intersect 
at the center of the bearing, as otherwise considerable additional bend- 
ing stress will be caused, owing to the eccentricity. 
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CONSTRUCTION OF BLACKWELL*S ISLAND BRIDGE OVER EAST RIVER. NEW YORK 

Hoisting into place one of the immense cross-beams. 

Copyright. 1907, by Underwood A Underwood, New York. 
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PRACTICAL PROBLEMS IN CONSTRUCTION 

By 

Sidney T. Strickland, S. B., Mass. Institute of Teclinolos:y» 

^cole des Beaux Arts, Paris 

Charles H. Rutan, of Shepley, Rutan 6c Cooledge, Architects, 

Boston, Collaborator 



Introductory* The following problems have been solved with 
the aid of such books as are generally found in the offices of any 
Architect, Engineer, or Builder — ^namely, Trautwine's Engineer's 
Pocket-Book, Carnegie's Handbook on Steel for 1903, and the Build- 
ing Laws of Boston and Chicago. All stresses in tons are of tons of 
2,000 lbs. In solving the majority of the problems, the stresses 
allowed by the Boston Building Laws for 1907 have l)oen used. The 
building laws of other Americ&n cities may allow different stresses. 
Also, the question of the factor of safety is one that must always be 
carefully considered. In using the tables of any steel or other hand- 
books, the first thing to be noted is whether the values given are ulti- 
mate (breaking loads) or safe loads. In figuring for cast-iron columns, 
one meets with a great variety of tables where the safe loads may vary 
considerably, due in most part to the f^ictor of safety employed. For 
example, the factor of safety for cast-iron columns in the Boston Build- 
ing Laws and in Trautwine, is 6; but in Carnegie's Handbook it is about 
10. In the following solutions the weight of a cubic foot of hollow 
terra-cotta blocks, three-quarters of an inch thick, has been taken as 
54 lbs. That is the weight of the average terra-cotta employed in 
New York and Boston; but there are better grades that weigh much 
more. It is the part of the engineer to bear in mind these differences 
and study out the properties of the building materials of his own 
locality. 

Abbreviations: 

Carnegie H.B. = Carnegie's Handbook or Tables, 1903; 
L =» Length; 

r = Least radius of gyration; 
lbs. = pounds; 
diam. = diameter. 
The first 12 questions are based on Plate I (a, b, and c). 
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CONSTRUCTION EXAMINATION, 
Rotch Traveling Scholarship 
Part of an Office Building Erected in Boston, Mass. Scale, H Inch = 1 Foot. 
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PRACTICAL PROBLEMS IN CONSTRUCTION 5 

GENERAL CONSTRUCTION PROBLEMS 

Problem I. What is the live load required per square foot for office 
buildings? 

Answer. Most building laws require 100 lbs. per sq. ft. for live 
loads in office buildings. 

Problem 2. What is the weight per square foot of material composing 
the floor? 

Answer. 

54 lbs. persq. ft. for 12 in. of terra-cotta. 

11 *' '' " " " 1 " " concrete. 

4 " i* ic u ,, ^ a u spruce plank. 

4 " " " " '' I '' " maple floor. 

7 '' " " " " i " " plaster and wood lath. 

10 " " " " " steel frame in floor. 

90 lbs. weight of materials. 

All floors, therefore, should be calculated for 190 lbs. per sq. ft. 
for live load and weight of materials. 

The following are the assumptions on which the above figuring 
is based : 

Weight of a cubic foot of terra-cotta 54 lbs., when made in hollow 
blocks with J-inch webs. 

Weight of a cubic foot of concrete, 140 lbs. 
" " " " " dry spruce, 25 lbs. 
" " " " " maple, 49 lbs. 
" " " '' " plaster (hard mortar), 103 lbs. 

Problem 3. What is the weight per 8<]. foot of 4-inch t«rra-cotta 
partition plastered both sides? 

Answer, As a cubic foot of terra-cotta weighs 54 lbs., four 
inches, a foot square, weighs 54 h- 3 = 18 lbs.; and a sq. foot of 
partition plastered on both sides will weigh 18 + 2 X 7 (wt. of J in. of 
plaster per sq. foot.) = 32 lbs. 

Problem 4. What is the weight per cubic foot, of brick wall? 

Answer. Ordinary brickwork weighs 112 lbs. per cubic foot. 

Problem 5. What is the tensile strain on the 5th story suspension bar 
marked No. 3 on drawing (Plate I fe) ? 

Answer. The surface of the two floors carried by the suspension 
bar = 2 X 12 X 14 = 336 sq. feet; with a total weight = 336 X 190 
•(wt. of sq. ft. of floor with live load) = 63,840 lbs. 
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6 PRACTICAL PROBLEMS IN CONSTRUCTION 

The surface of the 4th and 5th floor partitions (doors not taken 
into account) = 22 (length of partitions) X 21 (total height) = 462 
sq. feet; with a weight = 462 X 32 (wt. of a sq. ft. of plastered par- 
tition) = 14,784 lbs. 

63,840 lbs. wt. of floors. 

14,784 " " "partitions. 

78,624 lbs. Tensile strain on suspension bar No. 3. 

Problem G. What area of steel is required to safely sustain the load, 
and what shape of metal would you use, at suspension bar marked No 3? 

Answer. Assuming the safe tensile strength of steel at 16,000 
lbs. per sq. inch: Dividing 78,624 lbs. by 16,000 gives 4.91 sq. inches 
of metal. Adding .65 sq. inch for a row of |-in. rivets makes total 
metal area required = 5.56 sq. inches. The properties of angles are 
found on page 111 (Carnegie H. B.); and for an area of .section of 5.81 
sq. inches we find an angle 5 X 3J X J inch which will safely sus- 
tain the load. 

Problem 7. What is the load on the 3d story column marked No. 5? 

Answer : 

5 lbs. per sq. foot for 3x3-in. angles. 

3 " " " " '' metal lath. 

11 " " " " " i-in. slate. 

18 " " " " '' 4-in. book tile. 

7 " " " " " plaster. 

40 " " " " " snow load. 

84 lbs. wt. of sq. foot of roof, with snow load. 

The surface of the roof = 24 X 12 = 288 sq. feet; with a total 
weight = 288 X 84 = 24,192 lbs. for the portion of roof to be carried 
by column No. 5. The total floor surface to be carried (4th and 5th 
floors) = 2 X 10 X 12 = 240 sq.ft.; with a total weight = 240 X 190 
(wt. in lbs. of a sq. ft. of floor) = 45,600 lbs. for floors. 

The exterior wall surface, for the 4th and 5th floors = (28 X 12) 
- (15 X 7) = 231 sq. ft. of brick wall (where 15 X 7 = the sq. ft. 
of window opening). Multiplying this'surface by the thickness of the 
wall, 1 foot 4 inches, or 1 J ft., gives 1 J X 231 = 308 cubic ft. of 
brickwork; which weighs 308 X 112 lbs. (wt. of a cubic ft.) = 34,496 
lbs. The surface of wall plastered = 12 X 21 — 105 (sq. ft. of win- 
dow opening) = 147 sq. ft.; with a weight of 147 X 7 (wt. of a sq. 
ft. of plaster) ---- 1,020 lbs. Therefore the total weight of outside 
wall of brick, plastered on one side, = 34,496 + 1,029 = 35^525 lbs. 
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5,000 lbs., wt. of girder. 
24,192 " " " roof. 
78,624 " " carried by suspension bar. 
45,600 " " of floors carried on wall. 
35,525 " " " wall. 

188,941 lbs. Total weight resting on column No. 5. 
Problem 8. What size, weight, and area of steel channel column is 
* required to carry the load on the 3d story column marked No. 5 (Plate 16)? 

Answer, Dividing 188,941 lbs. by 2,000 gives 94.47 tons as the 
load to be carried by column No. 5. A table of safe loads for channel 
columns is found on page 137 (Carnegie H. B.). Opposite a length of 
16 feet, or under, for 8-lb. channels, we see that a safe load of 94.6 
tons will be carried by a 6-in. channel plate column. Size of plates 
I J X 8 inches. Weight, 53.4 lbs. per ft. Area of cross-section = 
15.76 sq. inches. 

Problem 9. What size beam box girder, plate girder, or box girder 
is required in the second story floor marked No. 7 (Plate I, a and 6)? 

Answer. First find the load to be carried by the girder, which is 
composed of one-half the weight of the 3d floor, one-half the weight 
of the mezzanine, the weight of the partitions (all the above are con- 
centrated), and the uniformly distributed load of the 2d floor. 

The surface of the 3d floor, carried by girder = 24 X 12 = 2SS 
sq. ft.; with a total weight = 288 X 190 = 54,720 lbs. The surface 
of the mezzanine, carried by girder = 12 X 12 = 144 sq. ft.; with 
a total weight = 144 X 190 = 27,360 lbs. The surface of the par- 
tition = 23 X 12 = 276 sq. ft.; with a total weight = 276 X 32 
(wt. of a sq. ft.) = 8,832 lbs. 

54,720 lbs. 
27,360 " 
_8,832 " 
90,912 lbs. Total concentrated load on girder. 

The surface of the 2d floor, carried by girder = 40 X 12 = 480 
sq. ft.; w th a total weight, uniformly distributed = 480 X 190 = 
91,200 lbs. 

The safe load for a single unsymmetrical concentrated load= 

P 
that given in C . -gi*^ tables X -5—7 , where / = 40 ft., total length 

o do 

of girder; a =24 ft., Hstance between load and right-hand support; 

and fc = 16 ft., distancv. ^etwe^ n load and left-hand support. 

(40)3 ^ 1(500 

8 X 24 X 16 " 3,072 
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Or we may multiply the concentrated load by .yV <^f 3,072, which is 

= 1.92; and it will give the load for which one must figure — i.e., 

90,912 X 1.92 = 174,551 lbs. for concentrated load. Adding this 

to the uniform load of 91,200 lbs. gives 265,751 lbs., or 132.875 tons, 

as the total load for which the girder must be designed. . A table of 

safe loads for box-girders is found on page 162 (Carnegie H. B.). 

Increasing the thickness of the flange plates ^\ inch allows an increase 

of 5 X 6.12 (tons) = 30.6 tons over the 106.7 tons, for a 40-foot span 

"given in the tables; or a safe load of 106.7 + 30.6 = 137.3 tons can be 

carried by a girder of the following dimensions: 

36xJ in. Web plates. 
24xJ in. Flange plates. 
4x3 ixi in. Angles. 

Problem 10. What is the load — reaction — at the end of girder over 

the first story at end marked No. 8 
90,pi2 Lte. (^»g- 1)» a»^ at end marked No. 8»? 

,1 Answer. The reaction at No. 



-16- 



aV 4 

8^ and No. 8 due to the uniform 



XJnif otm Loo^ 91,200 U>s. 1 load of 91,200 lbs. = 45,600 lbs. 

T The reaction at No. 8, due to the 
1^ *^ No ft* concentrated load of 90,912 lbs. 

Fig.l. Loaded Girder. ' = (90,912 X 24) H- 40 = 54,547 

lbs. The reaction at No. 8*, due 

to concentrated load = (90,912 X 16) -r 40 = 36,365 lbs. 

Total reaction at No. 8 = 54,547 + 45,600 = 100,147 lbs. 

Total reaction at No. 8^ = 36,365 + 45,600 = 81,965 lbs. 

Problem 1 1 . What is the load on first-story column marked No. 9 (Plate 
I, a, b, and c) and what size, weight, and area of Z-bar column should be used 
to carry the load? 

Answer. The load to be carried by column No. 9 is composed 
of the load on No. 5, the weight of the 2d and 3d floor exterior walls, 
the weight from 3d floor, the reaction from girder No. 7, and its weight. 

The surface of 2d and 3d floor wall = 36 X 12 - 161 (sq. ft. 
of window opening) = 271 sq. ft. Multiplying this by the thickness 
gives 271 X H = 361 cubic ft. of brickwork, with a weight = 361 X 
112 (wt. of a cubic ft.) = 40,432 lbs. 

The surface plastered = 34 X 12 - 161 = 247 sq. ft.; with a 
weight = 247 X 7 (wt. of a sq. ft.) = 1,729 lbs. 
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The surface of 3d floor carried = 12 X 12 = 144 sq. ft.; with 

a weight = 144 X 190 = 27.360 lbs. 

188,941 lbs., wt. resting on column No. 5. 
40,432 " " of 2d and 3d floor brick walls. 

1,729 " " " " " " " plaster. 
27,360 " " " 3d floor. 
81,965 " reaction from girder No. 7. 

6,729 " wt. of girder No. 7, carried by column. 

347,156 lbs. Total weight to be carried by column No. 9. 
Dividing the total weight by 2,000 gives 173.57 tons. A table of 
safe loads in tons for Z-bar columns is found on page 127 (Car- 
negie H. B.), and opposite a length of 22 feet for 8-in. Z-bars, one 
finds that a safe load of 181.3 tons will be carried by a column com- 
posed of 4 Z-bars 4 in. deep and one web plate 7 X J inch, weighin;5 
108.4 lbs. per foot, and with a cross-section of 31.9 sq. inches. 

Problem 12. What should be the area of granite footing under column 
No. 9 to sustain the load with 3 tons per sq. foot on the subsoil? 

Answer. Determine the total load resting on subsoil, which 
includes the load carried by column No. 9, the weight of 1st floor wall, 
and the weight of granite footing. 

The surface of 1st floor wall = 23 X 12 - 49 (sq. ft. of win- 
dow opening) = 227 sq. ft. Multiplying this by the thickness gives 
227 X IJ = 303 cubic ft., with a weight = 303 X 112 = 33,936 
lbs. for the brickwork. The surface of plaster = 22 X 12 — 49 = 
215 sq. ft.; with a weight = 215 X 7 = 1,505 lbs. Assuming dimen- 
sions for the footing, gives a weight for 211 cubic ft. = 211 Xl70 
(wt. of cubic ft. of granite) = 35,870 lbs. 

347,156 lbs., wt. on column No. 9. 
33,936 " " of brick wall. 

1,505 " " "plaster. 
35,870 " " " granite footing. 

418,467 lbs., or 209.2 tons. Total weight to be carried by subsoil. 

Dividing this by the 3 tons per sq. foot that the soil will sustain, gives 

67.7 sq. feet, area of granite footing necessary. That is, the footing 

must be 8.3 feet square. 

Problem 13. What is the safe strain for a chain with the links made 
of iron one inch in diameter, using a factor of safety of 4? 

Answer. An iron chain with links made of rods one inch in 
diameter will break under a strain of 49,280 lbs. Dividing this by a 
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factor of safety of 4, gives 49,280 -r- 4 = 12,320 lbs. safe load. 

(Taken from Trautwine.) 

Problem 14. What horizontal pressure per square foot should oe 
allowed for wind on a sloping roof? 

Answer. Thirty lbs. per sq. foot. (Taken from the Boston and 

Chicago Building Laws.) 

Problem 15. What safe load will a 12xl2-inch long-leaf yellow pine 
post 20 feet long sustain? 

Answer. L -^D = 240 4- 12 = 20; where L = Length in inches, 

and D = diameter in inches. 

For values of — from 15 to 20, the Boston Building Laws allow a 

stress of 800 lbs. per sq. inch, for yellow pine. 

Area of post = 144 sq. inches. 

Safe load = 800 X 144 = 115,200 lbs. 

Problem 16. What is the required depth of a long-leaf yellow pine 
girder 8 inches broad and 16 feet long, to sustain a uniform load of 10,000 lbs.? 

Answer, The formula for hard pine is: 

Uniform load (in lbs.) X Span (in feet) 



Square of depth = 
(Depth)2 = 



2 X Breadth X 90 



10,000 X 16 



= 111.11 



2 X 8 X 90 
Depth = 10.5 inches. This is with a factor of safety of 8. 

Problem 17. What force, applied 
horizontally, will be required to over- 
turn a six-foot cube of granite? 

Answer. Let P = weight of 
block of granite = 6 X 6 X 6 X 
170 = 36,720 lbs., where 170 = 
weight of one cubic ft. of granite. 
With a [stop at n (Fig. 2), 
merely to prevent sliding, sup- 
pose the weight to be applied, 
vertically downward, through ?', 
the center of gravity. The mo- 
ment with which the block resists 
being overturned = 36,720 X 3 (length of leverage in ft.) = 110,160 
foot-lbs. 

In order that a force such as F can overturn the block, /• must 

be greater than 119^*^^^ = 18,300 lbs. 
6 




Fig. 2. 



Granite Block under Overturning 
Stress. 
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If the overturning force were to be applied uniformly, on the face 

m /, its resultant could be considered as acting through i, and it would 

have to be greater than 110,160 lbs. 

Problem 18. What size hard pine header sixteen feet long is required 
in a dwelling-house to carry 161 square feet of floor? 

Answer, Floors for dwelling-houses should be designed to 
carry 50 lbs. per sq. ft., exclusive of materials. Take the weight of 
materials in floor « 20 lbs. per sq. ft. Then the total weight of a 
sq. foot of floor = 70 lbs. Total weight to be carried by girder = 
101 X 70 = 11,270 lbs. 

As both the breadth and depth are required, we shall assume 

one and solve for the other. Assume the depth = 10 inches. The 

formula for hard pine is: 

„ jxi. • • u ^Pan (in ft.) X Load 

Breadth m inches = ^r-—^- — >- — /,— rr ^ttt. 

2 X S(iuare of depth X 100 

10 X 11 270 
Breadth = 2\ }()()^~U)i)^^'^^ inches. This is calculated with a 

factor of safety of 8. 

Problem 19. State the load, dead and superincumbent, required per 
square foot for a gravel roof, on wood frame with a plastered ceiling. 

Aiiswer. The weight per sq. foot of tar and gravel roofing, 
over 4 thicknesses of felt, carried by seven-eighths-inch boards is 
9V lbs. The weight of one sq. foot of metal lath-and-plaster is about 
10 lbs., an allowance of 7 lbs. for | inch of plaster and 3 lbs. for met-'l 
lath. The wood frame may be considered to be made up of 3 X 12- 
inch yellow pine joists, fifteen inches on centers, with a weight of about 
12 lbs. per scj. ft. The superincumbent load allowed for is 40 lbs. 
per sfj. foot for snow load. (Boston Building Laws.) 
9i + 12 + 10 = 31} lbs. dead load. 

Adding to this 40 lbs. for the superincumbent load, gives 31 V + 40 = 
71 i lbs., total load. 

Problem 20. What is the strain in a guy rope of a derrick under the 
following circumstances: Mast perpendicular 30 feet long above the foot of 
boom, boom 30 feet long horizontal, load 10 tons at end of boom, guy rope 
at angle of sixty degrees with mast? 

Answer. Let AB (Fig. 3) be the mast, and BC the boom, with 
a load of 10 tons at C. 

The polygon of forces for the 10 tons and the stresses in AC and 
BC is a 45-degree triangle. Therefore the stresses in BC = the load, 
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10 tons. Also as ABC is a 45-degree triangle, the stress in the mast 

AB = stress in BC, the boom. 

Let J inch = 1 ton. Scale down from A ten-eighths of an inch, 

or 10 tons, to D, and 
dmwDE horizontal. 
Then scaling off 
AE, we find it equal 
to twenty-eighths or 
20 tons, which is 
the stress in the 
guy rope AF. 

Problem 21. How 
thick should a retain^ 
ing wall be to sustain the earth and water pressure about a cellar, the fin- 
ished grade of cellar being 10 feet below the surface of the ground, the water 
line being five feet above the finished grade of cellar? The weight of the 
superstructure not to be taken into consideration. 

Answer, First figure the necessary thickness for a retaining wall 
10 feet high, with a common earth filling; and then determine whether 
such a wall will be sufficiently strong to withstand the water pressure 
on lower half. See Fig. 4. The 




Fig 8. Loaded Derrick. 



LINT. 



WATER 



line:. 






I 

I 

I 
I 



T 
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5* 



thickness required for a vertical re- 
taining wall, for earth, is ecjual to 
height X a constant .35. Neces- 
sary thickness of wall = 10 X .35 
= 3.5 feet. One foot in length 
of granite wall, 16 ft. high and 
3.5 ft. thick, weighs 3.5 X 10 X 
170 (wt. of cubic ft. of granite) 
= 5,950 lbs. 

The pressure from water, for 
a section of wall one foot long = 
area of surface pressed (in sq. feet) 
X the vertical depth (in feet) of 
its center of gravity Mow the 

surface of the water X 62.5 (the weight of a cubic ft. of water). 
Water pressure = 5 X 2.5 X 62.5 = 781.25 lbs. 

The moment of stability, due to the weight of wall = 5,950 X 
1.75= 10.412.5 foot-lbs. 



H. 



5,950 hh^ 

Fig. 4. Cellar Betaining Wall. 
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The moment of the water pressure, tending to overturn the wall 
= 781.25 X 1.66 = 1,296.87 foot-lbs. 

As long as the moment of stal)ility is over five times as great as 
the moment of the water pressure, we can neglect the pressure of the 
water. 

Problem 22. What is the safe load per 8<iuare foot allowed on brick 
walls laid (a) in cement mortars, and (h) in lime mortar? 

Answer (a) For a wall of first-class work of hard-burned 
brick laid in a cement mortar of 1 part Portland cement and 3 parts 
sand, one can allow a compression stress of 20 tons per sq. foot. 

(6) For the same wall laid in lime mortar, 1 part lime, 6 parts 
sand, allow a compression stress of 8 tons per sq. ft. 

For brickwork made of "light-hard" brick, the stresses shall not 

exceed two-thirds of the stresses for like work of hard-burned brick. 

(Taken from the Boston Building I^ws.) 

Problem 23. Specify the mortar you would use in a first-class building 
to be erected in the city of Boston. 

Answer. Mortar for a first-class buikling shall be mixed in the 
following proportions : For lower half of the building — 1 part ordi- 
nary cement and 2 parts sand, or 1 part American Portland cement 
and 3 parts sand; for upper half of building, no poorer than equal 
parts of cement and lime and three parts of sand. 

Problem 21. A brick p'.er 16 inches s(iuare and 12 feet long will safely 
sustain what load? 

Answer, For brick piers of hard-burned bricks, in which the 
height is from six to twelve times the least dimension, set in mortar 
made of 1 part P( rtland cement and 3 parts sand, allow a stress of 
20 tons per sq. ft. Dividing the height by the diameter, 12 -r- 1 J = 9, 
this showing that the height is 9 times the least diameter. Therefore, 

Pafe load = 20 X ll (area of pier) = 371 tons. 
Problem 25. Note some of the principal methods an 1 positions of fire- 
stopping in wooden houses. 

Answer, Fire-stopping can be accomplished by using brick or 
terra-cotta blocks set in mortar, in the following positions: 

1st. Over the sill, fill in Ix^tween the joist to height of base-lx)anl. 

2d. On l)earing partitions, fill in l)etween the studding to 
height of base-l)oard. 

3d. Fill in over drop girders, where joists are continuous, to 
bottom of flooring. 
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4th. Fill in over drop ginlers between joists to height of base- 
board. 

5th. Fill in between rafters over the plate, to height of roof 
board in«^. 

Problem 26. Write a short specification for wood lathing and plaster- 
ing for a first-class house; i. c, describe lathing and how mortar for all coats 
should be mixed. 

Answer. Lath. Lath, with five nails to a lath, all the cross- 
f urrings on ceiliifgs, the inside of all exterior walls, all the interior stud 
partitions, the soffits of all stairs, etc., etc. (cleariy designating all 
portions of building to be lathed) . I^th to be clean spruce lath, free 
from large or loose knots, not over 1 1 inches wide, laid | inch open 
and to break joints every twelve courses. 

Plaster. Plaster the al)ove-mentioned lathings with the best 
three-coat work, carrying the plaster to the floor in all cases, except 
behind wainscotings, where the first coat only will go to the floor. 

Scratch Coat. The scratch coat to be composed of the best 
mortar mixed in proportions of one (1) barrel of best wood-burned 
Rockland and Rockport Co.'s lime, with two and a-half (2J) bushels 
of good, clean, long, cattle's hair, and the proper amount of clean, 
sharp sand free from loam and all other extraneous matters, and 
properly scratched and left until thoroughly dry. . 

Note. The amount of sand used should be determined by the coarse- 
ness of the sand and the yielding capacity of the lime when slaked. It is 
usual in Government work to specify 1 part of lime paste to 2 of sand. No 
two casks of lime will yield the same amount of paste. 

Brown Coat. The brown coat to be composed of the best mortar 
mixed in proportions of one (1) barrel of best lime as above specified, 
with one and a-half (1 ?>) bushels of hair as above specified, and proper 
amount of sand, and to be well hand-floated. Make the walls straight 
and plumb, and the ceilings level. 

Skim Coat. The skim coat to be composed of lime putty and 

good, sharp, washed beach sand and to be thoroughly troweled and 

perfectly white. 

Problem 27. (a) What is the weight of a brick wall 2 feet 4 inches 
thick, 12 feet long, and 15 feet high? 

(6) How many bricks will be required to build the w^all? 

Answer, (a). 2J X 12 X 15 = 420 cubic ft. of wall. 
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If built of ordinary soft brick, the weight = 420 X 112 = 47,040 
lbs. 

(b) If the wall is l)iiilt of bricks S\ by 4 by 2 inches, with }-inch 
joints, the numbt^r of bricks required for one cubic foot of wall is 
21.20. The number of bricks necessary for above wall of 420 cubic 
feet = 420 X 21.26 = 8,929.2 brick. 

For common buildings, 5 per cent waste is incurred, in cutting 
bricks to fit angles, etc. Therefore, making an allowance for this 
waste, 5 per cent of 8,929.2 is 446.4. Then 8,929.2 + 446.4 = 
9,375.6 bricks to be allowed for building above wall. 

Problem 2S. How many tons will a limestone pier, 2 feet 8 inches 
square and 10 feet high, safely carry, the pier being laid up in courses with 
cut beds? 

Answer. A limestcriie pier in which the height of pier does not 
exceed eight times the least diameter, will sustain 40 tons per sq. 
foot. This is for first-quality dressed l)eds and builds, laid solid in 
mortar of 1 part Portland cement to 3 parts sand, or 1 part Rosendale 
cement to 2 parts sand. 

As a 10-foot pier of 2 feet 8 inches diameter has a height of less 
than 4 times its diameter, it will safely carry 40 tons per scj. foot. 

Area of pier = 7.11 sq. feet. 

Safe load = 7.11 X 40 = 284.4 tons. 

Problem 29. Write a short specification for interior brickwork and 
mortar for same, for a Warehouse, to be built in Boston, where loads on brick- 
work are to be 12 tons per sq. ft. 

Answer: Brickwork. The walls to be built of sizes shown, 
with well-shaped, hard-burned brick, of the best and hardest selection 
of the kiln, which shall be what are recognized as strictly first-class 
brick. Bricks to be well laid and bedded with well-filled joints and 
flushed up at every course with mortar. 

The bricks to be culled, where they show on both sides, so that 
both sides will be smooth, and the walls to be built straight and 
plumb. In no case shall one wall be carried up more than 15 feet 
in advance of other walls, and no break in height shall be more than 
six feet. 

Bond. All the walls to have every sixth course a heading 
course going through the wall. The interior walls to be bonded to 
the exterior walls and to each other in the best manner. 
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Swelled Brick. No swelled, refuse, salmon, or other soft brick 
will l)e allowed in the work. 

Bricks to be Wet. All bricks used during the months from April 
to November, inclusive, shall be well wet at the time they are laid. 

Anchoring. The walls to be anchored to the steel beams and 
girders with standard wrought-iron anchors. Build in all anchors, 
clamps, etc., necessary for first-class work, and as specified in con- 
nection with brickwork, as the work progresses. 

Arches. Turn strong arches over all the openings in brick 
walls which are not shown to have steel beams over them. All 
arches to be built of good, hard brick laid close and well keyed. 

Mortar. The mortar used in the walls to be composed of one 
(1) part American Portland cement, one (1) part lime and six (6) 
parts sand, by volume, dry. 

All joints and beds to be filled solid with mortar, either by slush- 
ing, or by hussle work, or giputing with mortar. All the walls to be 
laid with flush, smooth, ruled joints. 

Washing. All the walls to be well washed down at the com- 
pletion of the work. 

Whitewash. All the walls to have two good coats of best white- 
wash. 

Problem 30. Specify some of the desirable points to be observed in 
the construction of a house wall of limestone with brick backing. 

Ansavcr, Limestone. All the limestone to be the best buff 
Bedford limestone, free from all spots, stains, seams, iron rust, and 
all other inperfections; and to be uniform in color. The surface 
of all limestone to be fine patent-axed. 

All the limestone to be laid on its natural bed and to have sawed 
backs. 

All the limestone to be jointed, as shown in drawings, and to 
have beds and joints } inch wide and all beds to be cut level and 
not pitching back from the face of the stone,' and to have beds of 
uniform thickness of mortar. 

Anchoring. All limestone to be anchored to the brick backing 
with wrought-iron anchors. Stones 2 feet or under, to have one 
anchor; and over 2 feet, to have two anchors. 

Sills. All the limestone sills to be set firm at the ends, with no 
mortar under the middle. After the building is up, and has its 
settlement, point up under the middle of stones. 
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5 Tons. 



± 



300 Lbs, per foot. 



Mortar. All the limestone to be laid in L#a Farge cement. All 
the stones to have tops, bottoms, sides, and backs covered with Anti- 
Hydrine or Dehydrine before being set in the walls. The exposed 
surfaces to be kept free from the damp-proofing. 

Pointing. All the joints and beds in the limestone to be raked 
out at least \ inch deep, and then pointed with La Farge cement, one 
(1) part cement and two (2) parts sand, and to be finished with a 
flush-ruled joint. 

All the joints in steps, platforms, copings, chimney caps, pro- 
jecting strings, and cornices, to be grouted solidly with liquid I^ Farge 
cement, one (1) part cement and two (2) parts sand. 

Washing. All the exterior walls to be well washed down at 

the completion of the work. 

Problem 31. State the thickness at the base a retaining wall should be 
to hold an embankment 15 feet high. 

Answer. The thickness of a 
retaining wall depends upon the 
nature of the materials to be re- 
tained; and experience alone can 
be the guide when this backing is 
other than sand, gravel, or earth. !Ra -IV.1 

With a wall of cut stone, or first-- ^^^' ^' SeJnforcf^nient of concrete Girder. 

class large ranged rubble, in mortar, the thickness, at the base, should 
be .35 of its entire vertical height. Thus, for a wall 15 feet high, 
the thickness = 15 X .35 = 5 feet 3 inches. 

PROBLEMS ON CONCRETE 

Problem 32. What methods are commonly used in reinforcing concrete 
columns, and what is considered good practice in regard to tie hoops, etc.? 

Answer. Rods are sometimes placed in the comers of columns 
tied in by occasional horizontal hoops or some form of spiral tie. 

Large rods are sometimes placed in the interior of columns to 
assist the concrete in taking some of the vertical compression stress. 

Both methods are sometimes combined. In either case it is 
considered good practice to space the horizontal hoops a distance 
apart equal to the smallest dimension of the colunm, and to provide 
hoops of a diameter equal to one-fiftieth of the spacing, or more hoops 
spaced closer of an equivalent area. 



16 
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Problem 33. What area of steel is required to reioforce the lower 
flange of a concrete girder, of rectangular section, under the following assump- 
tions? 

Live load « 5 tons at a (Fig. 5). 
Dead load (girder) « 300 lbs. per running foot. 
Notation: 6 = Breadth of beam. 

d — Depth of center of gravity of steel below top of beam. 
p « Ratio of cross-section of steel to cross-section of beam 

above center of gravity of steel. 
K «= Constant for a given steel and a given concrete. 
C = Pressure per sq. inch in outside fibre of concrete in 

compression. 
S = Tension per sq. inch in steel reinforcement. 

E 
r — -r?"- = Ratio of moduli of elasticity of steel to concrete. 

M = Bending moment in inch-pounds. 
F = Factor of safety. 
Assumptions: 6—12 inches. 
F = 4 
C = 2,500 lbs. per sq. inch. 

S = 56,000 " " " " 

r = 10. 



FoRMUL.*:: 



^•^ ^=2^^ Ll'M'~zii\f} 



(2) P = 



Cr" " ^ ' Cr- 
1 



< ? ) (- A) 



(3) M = Kb d-' 
Solution. For the 5(X)-ton or 10,0(X)-lb. load at the center, 
R = 5,000 lbs. 
iV = 8 X 12 X 5,000 = 480,000 inch-lbs. 

For the weight of the beam, 

,, 16X300X16X12 ,,,,or.n- u lu 

A/ = • = 115,200 mch-lbs. 

The total bending moment is equal to their sum = 595,2(X) inch-lbs. 
Solving equation (1) for K, we have: 

^ ■-^ + 25,000-^ ■- ^^^ + 25,000-' 
K - 86.57 

Substituting these values in formula 3 (M = Kbd^), we have: 

I "595^000 



86.25X12 
d ■» 24 — inches. 
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The area of beam of above d is equal to 12 X 24 = 288 sq. inches. 

Solving formula 2, we Jiave, p = .007. Then 288 X .007 = 
2.016 sq. inches of steel. 

Problem 34. What size of steel rods are required to reinforce a square 

reinforced concrete column to carry a load of 100,000 lbs., placing a round rod 

at each corner 2 inches in from the face of concrete, height of column 12 feet? 

Notation and Assumptions: 

C *» Total compression on concrete and steel per sq. inch — that is, 

the total load divided by the total area of cross-section of column. 

C'« Compression in concrete per sq. inch. 

p B Ratio of steel to total cross-section of column. 

E 
r a -— ^ 8 Ratio of moduli of elasticity of steel to concrete » 10. 

Ac 

Allowable Cc = 500 lbs 
Formula: 

^ Ccir-i) 

Solution. Assume a column 12 inches square; its area = 144 

sq. inches. Then 

C = . 17.000 „ 690 lbs. 
144 

Substituting values in formula, we have, 

6 90 - 500 190 

^ " 500(10 - 1) "" 4,500 ■" • 

Then, multiplying .042 by 144, the number of sq. inches, gives 

6.048 sq. inches as the total area of steel required. Dividing this by 

4 gives 1.512 sq. inches = area of rod at each comer of column. 

This means a rod of 1 y\ inches diameter, which has an area of 1 .623 

sq. inches. 

Problem 35. What load will a concrete column 20 inches square, 
reinforced with four 2 in. diameter rods, safely carry if the concrete is limited 
in compression to 400 pounds per. sq. inch, column 16 feet high? 

Answer. With notation and formula the same as above, we 

have: Area of four 2-inch rods = 3. 1416 X 4 = 12.5664 sq. inches. 

Then the ratio of steel to concrete (p) = u^ - :^ = .0314. 

^^^ 20 X 20 

c — c 

Substituting these values in the formula p = -p^-. ^-r- 

C,(r-1) 

and transposing, we have: 

C = 400[(1 - .0314) + 10 X .0314] 
= 400 (.9686 + .314) 
= 513. 04 lbs. 
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Multiplying this value of C by the area gives: 400 X 513.04 = 
205,216 lbs., load the column will carry. 

Problem 36. State the thickness of concrete required in the floor of the 
cellar described in Problem 21, to resist the water pressure. 

Answer. The weight of a cubic foot of sea water is 64.08 lbs. 
The weight of a cubic foot of concrete is 140 lbs. That is, a cubic 
foot of concrete is sufficiently heavy to displace a column of water one 
foot square and 2.18 feet high. In the example to be solved, the 
quantity of water per square foot to be displaced is 5 cubic feet, which 
can be done with 5 -^ 2.18 = 2.29 cubic feet of concrete. In 
practice the floor of the above cellar would be made from 2.3 to 2.5 
feet thick. 

Problem 37. Describe the manner of waterproofing the above described 
cellar in order to make it absolutely water-tight. 

Answer. When the footing has been completed, it is covered 
with 5 layers of mopped felt with a one-foot lap on both sides of the 
foundation wall, which is then constructed. This method allows 
bonding with the waterproofing of cellar floor and vertical walls. 
Over the surface of the cellar, lay six inches of concrete so that it 
finishes flush with the top of the footings. On top of the concrete, 
mop with hot asphaltum, and lay best five-ply waterproofing consist- 
ing of roofing felt laid lapping ends and breaking joints, well bonded 
to waterproofing over footings and mopped between each layer with 
hot asphaltum or tar. 

Waterproof exterior wall as described al)ove for cellar floor, 
bonding same to waterproofing on top of footings, continuing same 
to required height. I^y eight inches of brick on outside to support 
waterproofing and protect the same from being broken during the 
filling. Upon the waterproofing of cellar floor, lay two feet of con- » 
Crete to hold the waterproofing down against the water pressure, 
making a total thickness of 2 feet 6 inches of concrete. 

Problem 38. Write a specification for concrete footings for a first-class 
building, giving the proportions of ingredients and the manner of mixing 
and laying. 

Answer. Concrete. All cement shall be first-class Portland 
of a reputable brand, to be approved by the Architect, and shall be 
subjected to a tensile test to he made under the direction of the Archi- 
tect; and any brand or parcel which does not come up to the required 
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specifications or does not set up in a suitable time, shall not be used, 
but shall at once be removed from the site of the work. 

Briquettes of neat cement of one square inch section shall develop 
a tensile strength of 200 lbs. or upwards in twenty-four hours, having 
stood until set in air and the remaining time in water. The cement 
shall develop an Initial set in not less than thirty minutes, and a 
hard set in not less than one nor more than ten hours. 

The cement shall be stored in a building which shall protect it 
from the weather, the floor of said building to be not less than 6 
inches from the ground. 

The sand shall be clean and coarse or a mixture of fine and 
coarse, with the coarse predominating, and it shall be free from clay, . 
loam, sticks, oiganic matter, and other impurities. 

The broken or crushed stone shall consist of hard and durable 
rock, such as trap, granite, or conglomerate, properly crushed to a 
size that will pass through a ring J inch in diameter, for floor slabs 
and column foundations. Two-inch stone may be used in founda* 
tion wall. The dust to be removed by a J inch screen, to be after- 
wards, if desired, mixed with and used as a part of the sand. 

Mixing. Tho water used for mixing is to be free from acids 
or strong alkalies. ^ 

The concrete, unless otherwise specified, for floor slabs and 
column foundations, shall be mixed in the proportion of one (1) part 
cement, two and one-half (2 J) parts sand, and five (5) parts of broken 
stone mixed as follows: — 1 barrel (4 bags) Portland cement to 2 J 
barrels (9.5 cu. ft.) loose sand, to 5 barrels (19 cu. ft.) of broken 
stone. Sufficient water to be used to form a mass of jelly-like con- 
sistency which quakes on ramming. For foundation walls use 
1 — 3 — 6 proportions and stone up to 2^ inches. 

In mixing, the cement and aggregate shall be mixed and the 
water added on a tight platform large enough to provide space for the 
partially simultaneous mixing of two batches of not more than one 
cubic yard each. The sand and cement shall be spread in thin 
layers and mixed dry until of uniform color. This mixture may be 
spread upon the layer of stone or the stone shoveled upon it before 
adding the water, or it may be made into a mortar before spreading 
it with the stone. In the former method the materials shall be turned 
at least three times, the water being added on the first turning. In 
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the latter method the mass of mortar and stone shall be turned at 
least twice. Whatever method is employed, the nmnber of turn- 
ings shall be sufficient to produce a resulting loose concrete of uni- 
form color, with the stones thoroughly incorporated into the mortar 
and the consistency uniform throughout. 

Placing. Concrete shall be placed in such a manner that there 
shall be no distinct separation of the different ingredients; or, in 
cases where such separation occurs, the concrete shall be mixed before 
placing. Each layer in which the concrete is placed shall be of 
such thickness that it can be incorporated with the one previously 
laid. Concrete shall be used as soon after mixing as it can be ranmied 
or puddled in place as a plastic, homogeneous mass; any which 
has set before placing shall be rejected. \Mien placing fresh concrete 
on old concrete surface, the latter shall be cleaned and washed, with 
clean water, free from all dirt or scum, thoroughly wet, and brushed 
with a wire brush. 

Noticeable voids or stone pockets discovered when the forms 
are removed shall be immediately filled with mortar mixed in the 
same proportion as the mortar in the concrete. Forms shall be wet 
(except in freezing weather) before placing concrete against them. 

Exposed faces shall be made smooth by thrusting a spade or 
chisel through the concrete close to the form, to force back the large 
stones and prevent pockets. 

Freezing Weather. No concrete shall be exposed to frost until 
hard and dry and materials employed in freezing weather shall con- 
tain no frost. Portions of surface concrete which have frozen shall 
be removed before laying fresh concrete upon them. 

Forms. The lumber for the forms and the design of the forms 
shall be adapted to the structure, and sufficiently tight to prevent 
loss of cement or mortar. They shall be thoroughly braced or tied 
together so that the pressure of the concrete, or the movement of 
the men or materials, shall not throw them out of place. Forms 
shall be left in place until, in the judgment of the Architect, the con- 
crete has attained sufficient strength to resist any accidental thrusts 
or permanent strains which may come upon it. Forms to be thor- 
oughly cleaned before being used a second time, 
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PROBLEMS ON STEEL 

Problem 39. What is the safe load for two 9-inch channel columns 
24 feet long, the channels weighing 131 l^s. per foot each, with two ^-inch side 
plates 11 inches wide? 

Answer. A table with safe loads for 9-iiich channel columns 

will be found on page 140 (Carnegie H. B.). The safe load for a 

9-inch 13.25-lb. channel column, 24 feet long, and with 11 X i-in. 

side plate = 112.7 tons. 

Problem 40. What is the safe load for a 3§x3ix }J-inch steel angle 
post 12 feet long for a quiescent load, and what for a moving load? 

Answer. A table of ultimate strength of steel columns for 

different values of - is found on page 143 (Carnegie H. B.). For 

Z 12 
the above ande post, — = - ^ = 17.9. In the column for values of 
^ '^ r .67 

/ -r- r = 17.9 (or 18), the ultimate strength per square inch = 21,780 

lbs., for a square bearing. Therefore, with a factor of safety of 4, 

for a quiescent load, 

Q. , , 21,780X5. 03 (area) 0-7 ooo oc iu 

Safe load = — ^ = 27,388.35 lbs. 

4 

With a factor of safety of 5 for a moving load, as in bridges, 

Safe load « 21, 780 X 5.03 ^ 21,910.68 lbs. 
5 

Note. Values for r, least radius of gyration, and area, were found on 
page 118 (Carnegie H. B.). 

Problem 41. What is the tensile strength of a 3J x 3J x }S-inch steel 
angle, no allowance being made for rivet-holes? 

Answer. From the above problem we have the section area 
of 3i X 3J X f J-inch angle = 5.03 sq. inches. 

The Boston Building Laws allow a tensile strain (safe) for steel 
of 16,000 lbs. per sq. inch. Then the tensile strength = 5.03 X 
16,000 = 80,480 lbs. 

Problem 42. State the size, weight, distance on centers, and projec- 
tion of steel beams required for footings under a stone wall 2 feet thick carry- 
ing a^load of 15 tons per square foot, allowing 3 tons per square foot on the soil. 

Amwer, Calculations for the use of I-beams in wall founda- 
tions, taken from Carnegie H. B., page 165. 

Let L = Weight of wall per linear foot in tons = 2 X 15 = 30 
tons. 
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b = Bearing capacity of soil = 3 tons per sq. foot. 

L 30 
Then -^= — = 10 = IF = Required width of foundation 

o 

in ft., of the required length of I-beams. 

The projection of the I-beams, from under each side of the wall 

= J (^^ - width of wall) =» ^^^ = 4 feet. 

Now, referring to the tables on page 166 (Carnegie H. B.), we 

find for a 4-foot projection, under 6 = 3 tons, that a 12-inch I-beam 

of 31 .5 lbs. per foot, placed 1 foot on center, will make the proper 

footing. 

Problem 43. What is the safe shearing strain for a }-inch rivet in 
single shear, and what the strain in double shear? 

Answer. Tables for the shearing strain of rivets are found on 
page 195 (Carnegie H. B.). 

For a |-inch steel rivet, the single shear is 4,420 lbs., in the 
tables calculated for a single shear at 10,000 lbs. per sq. inch as 
allowed by the Boston Building Laws. 

In order to obtain the value for double shear, multiply the single 

shear value by 2. Thus, 2 X 4,420 = 8,840 lbs. 

Problem 44. Give diameter and thickness of metal required for a cast^ 
iron column with square-faced bearings 20 feet long, carrying a load of 300 tons. 

4nswer.' As the allowable stresses are determined by values of 

/ -7- r, we assume a diameter of column of 13 inches in order to 

determine r, the radius of gyration. Then, 

where d == Outside diameter of column, 13 inches, and d^ = Inside 

diam. 9 in. Then / -i- r - 240 -^ 3.95 = 60. For a value of 60, 

the Boston Building Laws allow a stress of 9,500 lbs, per sq. inch. 

The load to be carried is 300 tons = 600,000 lbs. Dividing 

this load by 9,500 gives 63.15 sq. inches of metal section required. 

This load can safely be borne by a column of 13 inches diameter 

and 2 inches thickness of shell, which has an area of section = 69 

sq. inches. 

Problem -45. State the thickness required for the top and l>ottom 
plates for a box-girder with 42x^inch web plates, 5x3ix^inch angles, and 
flange plates 30 inches wide, to carry a uniform load of 243 tons, the span of 
girder bearings 30 feet. 
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Answer, The table of Box girders is found on page 162 (Car- 
negie H. B.), and the column for Safe load, including weight of 
girder, opposite a span of 30 feet, for a 42 X J -inch web plate, gives 
219.5 tons. This load is with top and bottom flange plates of 30 X 
W inch. Subtracting the safe load for 30 X } J in. plates, of 219.5 
tons, from the load of 243 tons to be carried, we have 23.5 tons, 
for which an increase in thickness of flange plates is necessary. The 
same tables allow an increase in the safe load of 12.18 tons for an 
increase of -^V in. in thickness of each flange plate. Therefore, by 
increasing the thickness of each flange plate by i\ of an inch, the safe 
load can be increased by 2 X 12.18 = 24.36 tons. 

Or, a box girder with top and bottom flange plates 30 X }J 

inch will carry a safe load of 219.5 + 24.36 = 243.80 tons. 

Problem 46. What is the safe load for a single 7-inch 9.75-lb. channel 
column 10 feet long? 

Answer, The table for ultimate strength of steel columns is 

found on page 143 (Carnegie H. B.). The value for the length (in 

.10 
feet) -T- the least radius of gyration = - -- = 17.06. In the 

tables opposite the value of 17.06 for I h- r, we find the ultimate 

strt'ugth per sq, inch = 23,l'M)lbs. 

The safe load is obtained by multiplying by the sectional area 

and dividing by a factor of safety of 4. 

r, c ^ A 2,3.190 X 2. 85 _ ..,., ^,, ,, 

Safe load =« ^ = 1C,.)22..S7 lbs. 

4 

Note. The values for r and the area are found under Properties of 
Channels, page 101, Carnegie H. B. 

Problem 47. What safe load will a cast-iron column sustain, the column 
being 12 inches in diameter, 2 inches thick, and 20 feet long? 

Answer. The sectional area of the above column is 62.84 s(j. 

inches. In order to determine the working stress, first find the 

value for - • 
r 

4 4 

where d = Outside diam. and d^ = inside diam. Then 

7 = rso5*"^^- 
The Boston Building Laws allow for a value of / -r r = 60, 
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a working stress of 9,500 lbs. per sq. inch; and for L -r- r = 70, a 
working stress of 9,200 lbs. Their difference = 300. Taking threi'- 
tenths of 300, which is 90, subtracting it from 9,500, gives 9,410 
lbs. as the working strain for L -r- r = 63. 

Safe load = 62.84 X 9,410 = 591,324.4 lbs. 

Problem 48. What is the safe uniform load for a 4-inch Z-bar }-inch 
metai> 10 feet long, used as a beam? 

Answer, A table of safe loads, uniformly distributed, for 
Z-bars used as beams, is found on page 75 (Carnegie H. B.). In 
the column for Lengths between supports = 10 feet, and opposite a 
4-inch Z-bar J-inch metal, is found: Safe load = 1.68 tons. 

Problem 49. What is the diameter at the end of a 2-inch wrought-iron 
or steel bar with upset screw ends? 

Afiswer, The diameter of upset screw end is 2^ inches. 

Problem 50. What is the tensile strength per square inch for steel and 
for wrought iron? 

'Answer. The safe tensile strength per sq. inch for steel is 

16,000 lbs.; for wrought iron, 12,000 lbs., as allowed by the Boston 

Building Laws. 

Problem 51. What is the safe uniform load for a 12-inch 31.5-lb. I- 
beam 25 feet long? If used in a ceiling, what load will the beam carry without 
cracking the plaster? 

Answer, A table of safe uniform loads for I-beams is found on 
page 71 (Carnegie H. B.). For a beam 25 feet long, 12 inches deep, 
and weighing 31 .5 lbs. per foot, the safe load = 7.67 tons. 

In the tables all loads above the black cross-lines may l)e 
carried without cracking the plaster. As the 7.67 ton load was 
found below the black line it is necessary to determine another load 
which will not cause too great a deflection. This is done by multi- 
plying the load given immediately above the black cross-line, by 
the' square of the corresponding span, and dividing by the square of 
the required span; the result will l>e the safe load without cracking 
the plaster. 

c, » , , 9.59 X (20)' ^ ,^-, 
Safe load = -y^-xi ^ = 6.137 tons. 

(2o) 

Problem 52. What is the safe quiescent load allowed on a twelve-inch 
31.5-pound I-boam used as a post, IG feet long? 

Answer, A table of ultimate strength of columns is found on 
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page 143 (Carnegie H. B.) for values of / -5- r, where / = Length in 
feet, and r = Least radius of gyration. 

U_^ = 15.8 
r 1.01 

For this value of . / -r- r the ultimate strength = 25,020 lbs. per sq. 
inch. Safe load = Area of section (in sq. inches) X 25,020 -r factor 
of safety of 4, for quiescent loads. 

Safe load = Q-^^X25,02Q ^ 57,921 .3 lbs. 
4 

Note. The sectional area and the least radius of gyration r were found 
on page 97, Carnegie U. B. 

Problem 63. State the size, weight, area, and distance apart required 
for steel I-beams of 20-foot span in the floor of a fireproof office building. 

Answer, A table of the spacing for I-beams for uniform loads, 

is found on page 81 (Carnegie H. B.). The spacing for a 12-inch, 

31.5-lb. I-beam for a load of 100 lbs. per sq. foot, is 9.6 feet. 

For a load of 200 lbs. per sq. foot, the spacing is one-half of 9.6 = 

4.8 feet. As the load per sq. foot of a fireproof office building is 

190 lbs., the spacing will equal 4.8 + one-twentieth of 4.8 = 4.8 

+ .24 = 5. 04 feet. 

Problem 54. What load will a steel suspension rod with upset screw ends 
two and one-half inches in diameter at the ends, sustain? 

Answer, From the tables on page 205 (Carnegie H. B.), we see 

that the diameter of the round suspension rod is 2 inches, for a diam. 

of the upset screw end of 2^ inches. Area of cross-section of 2-ihch 

bar = 3.1416 sq. inches. The safe stress allowed per sq. inch of 

steel is 16,000 lbs. (Boston Building Laws.) 

Safe load for suspension bar = 16,000 X 3.1416 = .50,265.6 lbs 
Problem. 55. State size, weight, and area of metal required for two 

steel I-beams, with top and botcom plates, for a span of 20 ft., carrying a 

load of 100 tons. 

Ansti^er. Tables for beam box girders, made up of two I-l>eams, 
with top and bottom plates, are found on page 155 (Carnegie H. B.). 
In the column of Safe loads, opposite a span of 20 feet, 85.12 tons is 
given as the safe load for 16 X f-inch plates. Subtracting this load 
from the load to be carried, we have, 100 — 85.12 = 14.88 tons, the 
necessary increase in load. For an increase in the safe load of 3.76 
tons, an increase of ^'g inch thickness of flange plates is necessary. 
14.88 H- 3.76 = 3.9 (or about 4) 
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This shows that an increase of -i\ inch in thickness of each flange 

plate is necessary. Therefore a load of 100 tons will be safely carried 

by a box girder of two 18-inch I-beams with 2 plates of 16 X 1 inch. 

Area of section of 2 I-beams = 2 X 15.93 « 31.86 sq. inches. 

'' " " " 2 plates «= 2 X 16X 1 = 32. sq. inches. 

Total area of box girder 63.86 sq. inches. 
2X 12X 16 = 384 cubic inches'of metal in flange plates. 
384 X .283 (wt. of a cubic inch of steel) = 108.67 lbs. wt. of plates. 

110.00 " " 2 I-beams. 

Weight per foot of box girder 218.67 lbs. 

Problem 56. What is the relative strength of a beam fixed at one end 
and uniformly loaded, to a beam uniformly loaded and supported at both ends? 

Answer. A beam, fixed at one end, and uniformly loaded, will 

bear only one-quarter the load of a similar beam with a uniform load 

and supported at both ends. 

Problem 57. What is the relative strength of a beam fixed at one end 
and loaded at the other, to a beam uniformly loaded and supported at both 
ends? 

Answer. A l)eam, fixed at one end and loaded at the other, will 
bear only one-eighth the load of a similar beam with a uniform, load 
and supported at both ends. 

EXAMPLES FOR PRACTICE 

1. What safe load will a 12-inch 31.5-lb. steel I-beam, 12 
feet long, carry, the beam being fixed in a wall at one end and loaded 
at the other end? 

Ans. 1.99 tons. 

2. Give the diameter and thickness of metal required for a 
cast-iron column with square-faced bearing, 18 feet long, carrying 
a load of 233 tons. Stresses according to Boston Building Laws. 

Ans. Diam., 11 inches. 
Thickness of metal, 2 inches. 

3. Wliat is the safe shearing strain for a |-inch steel rivet 
in single shear, and what the strain in double shear? Use Carnegie 
Tables. 

Ans. Safe single shear, 6, 010 lbs. 
" double " 12, 020 lbs. 

4. \Miat is the strain in a guy rope of a derrick under the 
following conditions : — Mast 30 feet long above the foot of the boom; 
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boom 30 feet long, horizontal; load 5,000 lbs. at end of boom; 
guy rope at an angle of 60 degrees with the mast. 

Ans. lOiOOO lbs. 

5. What size (diameter) manila rope would be required to 
sustain the strain of 10,000 lbs. in above guy rope, using a factor of 
safety of 4? 

Ans. 2.6 inches. 

6. \Miat size (diameter) of iron wire rope would be required 
to sustain the strain of 10,000 lbs. in above guy rope, using a factor 
of safety of 4? 

Ans. Ij^ inches. 

7. WTiat safe load will a white pine or spruce post, 12 inches 
square and 20 feet long, carry? (See Boston Building Laws.) 

Ans. 80,640 lbs. 

8. State the size required for a long-leaf yellow pine post 20 
feet long, carrying a load of 100 tons. (See Boston Building Laws.) 

Ans. 16 X 16 inches. 

9. ^^^lat is the safe load for a column 18 feet long, made of two 
7-inch 9.75-lb. channels with 9-inch X f-inch side plates? 

Ans. 101.7 tons. 

10. What load will a cast-iron column, with square-faced 
bearings, 14 inches in diameter, 2 inches thick, and 16 feet long, 
sustain? 

Ans. 750,130.5 lbs. 

11. State the size, weight, and area required for a Z-bar column 
20 feet long, carrying a load of 300 tons. (Use Carnegie Tables.) 

Ans. 14 in. Z-bars, 14 X te in. plates. 
172.6 lbs. Area of 50.8 sq. inches. 

12. What load will a concrete column 16 inches square rein- 
forced with four 2-inch in diameter rods safely carry if the concrete 
is limited in compression to 500 pounds per square inch; column 14 
feet high. 

ANa 184,448 lbs. 
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PRACTICAL TEST QUESTIONS. 

In the foregoing sections of this Cyclopedia nu- 
merous illustrative examples are worked out in 
detail ' in order to show the application of the 
various methods and principles. Accompanying 
these are examples for practice which will aid the 
reader in fixing the principles in mind. 

In the following pages are given a larg« num- 
ber of test questions and problems which afford a 
valuable means of testing the reader's knowledge 
of the subjects treated. They will be found excel- 
lent practice for those preparing for Civil Service 
Examinations. In some cases numerical answers 
are given as a further aid in this work. 
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RKVIIOW QUESTIONS 

ON TSE SUBJBOT OIP 

STEEL CONSTRUCTION, 

PART I. 



1. What are the structural elements of a building and what 
are the functions of each ? 

2. Define the terms "wall columns," "wall girders," "lin- 
tels," " spandrel beams," " curtain walls." Describe the purpose 
of each. 

8. Give the thickness of exterior walls from basement to 
roof of a ten-story building, using the table given in Chicago 
laws. 

4. Given an office building of ten stories each 12 feet 
between floors, with wall columns spaced IG feet center to center 
and having three windows in each 8tor3^4 feet between jambs 
and 7 feet high, separated by two piers 1 6 inches wide on face, 

(a) Give the minimum thickness of walls by the New York 
law, if these walls are carried on steel lintels. 

(6) Draw a section of this wall over one window, showing 
the size and character of lintel required to carry the wall between 
columns and to support a 4-inch stone arch over the window. 

5. What are the general types of floor arches in use? 

6. State the systems which require the use of tie rods, and 
state why these are necessary. 

7. Define the terms "beam" and "girder" and state tfie 
two uses of the term " beam." 

8. Make out a schedule of plain material to be ordered from 
the mill, including angles, tees, zees, beams, and channels. Give 
all information required to enable mill to make shipmeut 
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Olf fTHB SUBJBOT OF 

STEEL. CONSTRUCTION, 

PART II. 



1. Describe in detail the method of procedure in laying out 
the steel fmming of an office building, starting from tlie architect's 
plans, as a basis, and giving each step. 

2. State some of the considerations affecting the choice ol 
i column shape. 

3. Given a 15-inch 42-pound beam on an effective span of 
12 feet. Determine the bending moment in inch pounds which 
this beam will carry, assuming a safe fibre stress of 16,000 pounds. 

4. Determine the total load uniformly distributed which 
the above beam will carry. 

5. Detennine the total load the beam of Question 3 will 
carry if concentrated in two equal loads, dividing the span into 
thirtls. Show that the relation between total uniform load and 
total loads concentrated as above is always constant. 

6. In the above beam determine the total load which can 
be carried if concentrated at the center, and show that this rela- 
tion of this concentrated load to the total uniform load is always 
constant. 

7. What is the distinction between the terms " dead load ** 
and " live load ? " 

8. Why Ls it important to have the framing symmetiical 
about the axis of a column, and wliat effect on the column does 
eccentric connection have ? 

9. Determine the proper size of cast-iron bearing plate to 
use with a 15-inch 42-pound beam having an effective span of 
18 feet and loaded with a maximum safe uniform load at a fibre 
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strain of 15,000 pounds ; the beam haying a bearing of 12 inches 
on the wall, and the safe bearing being taken at 15 tons per square 
foot. 

10. State safe values of ** live load '* for building of the fol- 
lowing classes when designed for the customary uses : 

(a) Office building. 

(6) School building. 

(c) ABsembly hall. . 

(d) Hotel. 

(e) Warehouse. 

11. Using Gordan's formula, determine the total load which 
can be safely carried by a column 14 feet long, composed of a 
12-inch by ^-inch web plate, and four angles each 6 inches by 4 
by I inches with the long leg out. 

12. Using the formula given by the New York building 
law, determine the total safe load that can be carried by a cast- 
iron column 10 inches in diameter, 1^ inches thick, and 12 feet 
long. Use formula given in Cambria for determining value of 
radius of gyration. 

13. State the data required and the operations involved in 
the following cases : 

(a) To find the actual libre stress on a given beam supporting known 
loads. 

(b) To find the size of beam required to carry a system of known 
loads at a given fibre stress. 

(c) To find the total load uniformly distributed, which a given beam 
will carry at a given fibre strain. 

14. Determine by Gordan's formula the total safe load that 
can be carried by a column 14 feet long composed of two 10-inch 
15-pound channels pl.iced 6^ inches back to back with two side 
plates 12 X I inches riveted to the flange. 

15. Make out a bill of material for the head of the column 
shown by Fig. 127; scele measurements, assuming di-awuig to be 
made to a scale of one inch equal to one foot. 

16. For what combinations of loading should roof trusses 
be designed ? 

17. State the three types of foundations, and describe each. 

18. State some of the features which should be considered 
in designing a truss, and which affect the weight. 
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ON THB SUBJXSOrr OK 

STEEL CONSTRUCTION, 

PART III. 



1. Describe the following pieces and state their uses: (a) 
fitting-up bolts; (b) drift pins; (c) clevis nuts; (d) sleeve /Juts; 
(e) turnbuckles; (f) upset rods. 

2. Give the Carnegie code of conventional signs for rivet- 
ing. 

3. Determine the shearing and bearing value of a f -in. 
rivet on a web J in. thick for both shop and field rivets. 

4. In Fig. 199, determine the number of rivets actually 
required for the connection of No. 11 to No. 9, and for No. 9 to 
No. 12. Determine the load by the full capacity of beams aa 
loaded. 

5. State the minimum spans for which standard connections 
can be used on an 8-in., 12-in., and 15-in. beam loaded uniformly. 

6. Make a shop detail of a cast-iron base with ribs, for 
column No. 2 shown in Fig. 226. Base to be 3 ft. X 3 ft. on the 
bottom and 15 in. high. 

7. Make a shop detail of a lintel carrying a 16-in. wall, 
and composed of two 10-in. 15-lb. channels and one 10-in. beam, 
the clear opening being 7 ft. and the channel to be placed flush 
with the faces of the wall. 

8. Make a shop detail of column No. 1 in Fig. 199. 
Length from top of cast-iron base-plate to finished floor 12 ft. 
6 in. Base-plate to be 20 X 20 X 2 in., similar to that shown in 
Fig. 109, Part II. 
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ON THX: SUBJBOT Q V 

STEEL CONSTRUCTION. 

PART IV. 



1. Name the component parts of a plate girder and state the 
functions of each part. 

2. Give allowable fiber strains for compression, tension, and 
shearing in building work. 

3. Design the section of a single-weo plate giroer to carry a safe 
load of 160,000 pounds, uniformly distributed on a span of 30 feet 
center to center. Neglect the proportion of bending moment carried 
by the web and proportion both flanges alike for the total bending 
moment. Design on the basis of stifFeners to prevent the web buck- 
ling, and use a web 36 inches deep. 

4. Design the section of a two-web plate girder to carry a safe 
load of 400,000 pounds on a span of 36 feet clear between walls; this 
load to be concentrated at five points equally distant between the wall 
faces. Determine proper wall bearing and bed plate for a brick wall 
laid in cement mortar. Use webs 42 inches deep, and flange plates 
20 inches wide. Assume the distance between centers of gravity of 
flanges as 42 inches and proportion flanges for total bending moment, 
l^se a web thick enough to prevent buckling without stiflfeners. De- 
termine the length of all plates. 

5. In the above girder determine the actual centers of gravity 
of the flanges with the section chosen, and on the basis of this distance 
between centers of gravity, determine the actual bending moment and 
the total load the girder is capable of safely carrying. 

6. In the girder of problem 3, determine the pitch of rivets 
through the web and angles, and through angles and cover plates; (a) 
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by approximate methods, (b) by exact formula. State any modifica- 
tion of results necessary. 

7. In the girder of problem 5 determine the rivet pitches for 
both horizontal and vertical rivets using (a) approximate methods and 
(b) exact formula. State any modification of results necessary. 

8. Make a complete shop detail of the girder designed under 
problem 3, and give bill of material. 

9. Make a complete shop detail of the girder designed under 
problem 5. Arrange for 15-inch beams to frame in each side of the 
girder at the position of concentrated loads, the tops of these beams 
being IJ inches below the back of top flange angles; the beams to rest 
on bracket angles, with suitable shear angles and a side connection 
angle riveted to girder. Splice the web at a convenient point near the 
center. 

10. Give the conditions of equilibrium for statically determined 
trusses. 

11. Given a truss with parallel top and bottom chords, 50 feet 
long center to center of bearings, of the type shown in Fig. 272, with 
ten panels, and loaded with 1000 pounds per lineal foot on the top 
chord. Assume the distance center to center of chords as 6 feet and 
make a strain sheet giving stresses and sizes suitable for each member. 
Note that top chord is subjected to bending. Assume the top chord 
braced at the center and midway between the center and the walls. 
Denote by proper signs the compression and tension stresses. 

12. Explain the difference between internal, or inner, forces and 
external forces. 

13. Redesign the truss of problem 11, on the basis of a ceiling 
load of 300 pounds per lineal foot of truss, in addition to the load on 
the top chord. The ceiling joists are assumed as resting direcdy on 
the bottom chord. 

14. Given a truss 60 feet long center to center of bearings, and 
loaded with a total load of 180,000 pounds concentrated at panel points 
7 feet 6 inches on center. Design sections of top and bottom chonls 
so that distance out to out of chords will be 8 feet, and use a section 
similar to that of Fig. 275. The top chord is to be stiffened at the 
center and the ends only. Use actual centers of gravity and ipoments 
of inertia in designing. 

15. Make a shop detail of the truss designed in problem 13. 
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